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American Cotton Company. Referred by the Bureau of Awards of the 
National Export Exposition. Sub-Committee.—Chas. E. Ronaldson, 
Chairman ; James Christie, M. R. Mucklé, Jr., Chas. A. Teal.] 


HALL OF THE FRANKLIN INSTITUTE, 
[No. 2118.] PHILADELPHIA, March 1, 1900, 


The Franklin Institute of the State of Pennsylvania for 
the Promotion of the Mechanic Arts, acting through its 
Committee on Science and the Arts, investigating the 
merits of the American Cotton Company's Round-Lap Bale 
System, reports as follows: 

After a close and careful examination of some detail 
drawings furnished, your committee has gained a fairly 
clear understanding of the machine and its product known 
as round-lap bale cotton. This double press lays up and 
bales only cotton. 
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The process may be described concisely as follows : 

The cotton, in flakes, as it comes from the gin, is fed up 
the lint flue (where considerable dust settles in the dust 
bins in the bottom of this flue) to the condenser (revolving 
at about fifty turns per minute). At the condenser the re- 
maining dust and dirt are eliminated and carried off through 
the dust flue overhead. The flakes hold to the cylinder of 
the condenser but a moment, falling into the bat former, 
where they are assembled into a smooth, regular-running 
“bat,” which, coming down from the bat former, passes 
under the compression roll, which compresses the bat only 
enough to expel the air. Thence it runs down and around 
the core-shaft, by means of the baling belt, and is wound up, 
lap around lap, until several layers are run upon the core- 
shaft, when the baling rolls come into play and the increas- 
ing bale moves the movable rolls (attached to the hydraulic 
pump) back, thus forcing the pump plunger into the cylin- 
der, driving the water up into the air chamber, compressing 
the air and increasing the pressure. This pressure increases 
until the bale is about one-third in size, when the maximum 
presstrre is reached and maintained (by means of a relief 
valve) to the finish of the bale. As the bale nears com- 
pletion, a bell signals the fact, when the operator throws 
over the tilting board, which diverts the bat into the other 
press and a new bale is started. The press holding the bale 
just completed is stopped; a fine, close-woven burlap is run 
into position, press started, and burlap wound around the 
bale till it overlaps. It is then cut to proper length to re- 
ceive the ends, which are sewn in after the bale has been 
taken from the press. The air during compression is 
excluded, not forced out, as is done in compressing a square 
bale; the fiber is not twisted, and any possibility of destruc- 
tion of fiber is eliminated; its elasticity remains intact. 
The fiber remains quiescent upon unrolling a bale, and if 
there be any expansion, it is very slight, and in the direction 
of the thickness of the bat and not laterally, indicating that 
the fibers are not tangled, but lie about parallel to one 
another. The baling belts are the width of the rolls, and are 
kept taut by properly-arranged tension rolls. 
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This round-lap bale is especially worthy of notice, as it 
presents features possessed by no other bale in the market; 
that wherever it is to be used, each and every bale can be 
unrolled clear to the center; also, these bales, as they are 
unwrapped, can be fed to the lappers without extra hand 
labor; also that several bales can be unrolled and fed into 
the lapper at the same time, thus mixing automatically. 

Therefore your committee would respectfully call at- 
tention to the several points of merit in the double press 
itself, notably : 

(1) The bat former and the method pursued in excluding 
the air from the cotton while in it, or passing through it to 
the compression rolls. 

(2) The arrangement of rolls to produce the necessary 
compression upon the bale, whereby the operation of the 
machine becomes continuous—the device used in encasing 
the finished bales, in close-woven burlaps. 

(3) We would particularly call attention to the round- 
lap bale, the product of this double press, inasmuch as it is 
unique. It is simply a continuous roll of cotton, of uni- 
form width, wound under pressure, and, when properly 
encased, requires no further care, no ties, etc., has a greater 
uniform density than the square bale of commerce, and far 
less liability to damage by fire or water, or from any source 
in transit. It is more convenient to handle, and extremely 
economical of space. The danger of tampering with the 
round bales, or of fraudulent practices upon it, are reduced 
to a minimum, while, when it is used in the mill or factory, 
a very considerable amount of hand-labor, and conse- 
quently expense, is saved. , 

From a great mass of evidence which the sub-committee 
has gathered it appears that the round-lap bale system in- 
troduced by the American Cotton Company has positively 
done away with all the objectionable features of the old 
style “square bale” method of baling cotton, against which 
the cotton spinners of Europe and America have been pro- 
testing for many years most emphatically, and, incidentally, 
that the new system introduced large economies, the benefits 
of which are enjoyed by producers and factors, as well as by 
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the spinners. These economies are conservatively estimated 
as equivalent to many millions of dollars on the yearly cot- 
ton crop, due to the great increase of the commercial im- 
portance of the improved system of baling introduced by 
the American Cotton Company. The highest award in the 
gift of the Institute is believed to be only a proper recogni- 
tion of the importance of the revolution in the cotton indus- 
try brought about by the introduction of the round-lap bale 
system, and the award of the Elliott Cresson Medal is 
accordingly made by the Franklin Institute to the American 
Cotton Company, of New York. 

Furthermore, while the investigation of the sub-com- 
mittee has been confined nominally to the consideration of 
the merits of the round-lap bale produced by this company, 
the investigators deem it proper to embrace in their report 
a reference to the machine or compress by which the pro- 
duction of this form of baling is made practicable, and 
without which the system could not have been made tech- 
nically and commercially successful. The machine in ques- 
tion is admirably adapted for its intended purpose, and it 
appears to the investigating committee to be eminently 
proper to emphasize its interest commensurate with the 
successful operation of the round-lap baling system by 
some recognition. Accordingly, the award of the John 
Scott Legacy Premium and Medal is recommended by the 
Franklin Institute to Magnus Swenson, of Chicago, IIl., 
for his round-lap baling cotton compress. 

Adopted at the stated meeting of the Committee on 
Science and the Arts, held Wednesday, April 4, Ig00. 

JOHN BIRKINBINE, President. 
Wma. H. WAHL, Secretary. 
Countersigned by 
H. R. HEYL, 


Chairman of the Committee on Science and the Arts. 


APPENDIX, 


In tracing the history of the round-lap system of baling 
cotton, the earliest invention distinctly describing a “cylin- 
drical bale” was that of Wm. B. North, of Jersey City, N. J. 
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(see U.S. patent No. 5,632, of June 13, 1848). This inven- 
tion described an improvement in cotton presses, the essen- 
tial features of which consisted of a combination of three 


rollers so arranged that a line joining their axes would form _ 


an equilateral triangle, and which were suspended and 
weighted in such manner as to be capable of moving apart 
as the cotton fed between them from the gin accumulated 
in the form of a round bale. This patent of North may be 
regarded as the basic patent on the round-lap baling sys- 
tem for cotton. 

This invention appears to have attracted no attention, 
and nothing in this direction appears to have been accom- 
plished of any practical value until the year 1885. In that 
year, and those closely following, came the inventions of 
T. M. Workman (No. 331,932, December 8, 1885), H. A. 
Evans (No. 366,943, July 19, 1887), J. W. Brown (No. 446,128, 
February 10, 1891), P. L. & W. Brady (No. 378,570, Febru- 
ary 28, 1888), J. W. Graves (No. 510,383, 6 and 8, December 
5, 1893). None of the inventions here enumerated seems to 
have found commercial application. Following these came 
the inventions of W. T. Bessonette, of Temple, Tex., bear- 
ing dates as follows: Nos. 492,132, February 21, 1893; 
508,909, November 21, 1893, and 541,418, June 18, 1895. 
These inventions are specially mentioned at this place 
because it has been claimed that they embody all the essen- 
tial features of the modern round-lap baling press now 
commercially used. Investigation shows that the last-men- 
tioned invention of Bessonette is the only one which pos- 
sesses any similarity to the modern lap-bale press. This 
patent is for an invention describing a two-roll horizontal 
press, with three belts extending over only one of the rolls. 
The records of the Patent Office show that Mr. Bessonette 
was not the inventor of the horizontal press, so that his 
only claim to novelty in the patent in question resides in 
the employment of a plurality of endless belts extending 
over one of the rolls for the purpose of shaping the bale. 
This arrangement of parts of a press is entirely impractica- 
ble, and, so far as the committee is aware, the press of Bes- 
sonette never came into commercial use. 
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The only presses, of which the committee has knowledge, 
now commercially used are those of George A. Lowry, of 
Boston, Mass., and Magnus Swenson, of Chicago, III. 


THE WELSBACH LIGHT. 


[Being the report of the Franklin Institute, through its Commitlee on 
Science and the Arts, on the exhibit of the Welsbach Light Company, of 
Gloucester City, N. ]., referred by the Bureau of Awards of the National 
Export Exposition. Sub-Commitlee.—Arthur J. Rowland, Chairman ; C. 
A. Hexamer, Wm. McDevitt, Frank P. Brown, Moses G. Wilder.) 


HALL OF THE FRANKLIN INSTITUTE, 
(No. 2130. ] PHILADELPHIA, May 2, 1900. 

The Franklin Institute of the State of Pennsylvania for 
the Promotion of the Mechanic Arts, acting through its 
Committee on Science and the Arts, investigating the 
merits of the Welsbach Light, which was referred to the 
Committee by the Jury of Awards of the late National 
Export Exposition, 1899, reports as follows: 

The procuring of artificial light by some means other 
than using the flame of burning carbonaceous material in 
the ordinary candle, lamp or gas burner, has been the aim 
of many investigators. As a result of this endeavor, we 
find on the one hand lamps in which carbon is heated to a 
point where it gives off light—or becomes incandescent—as 
by the passage of an electric current through an incandes- 
cent filament or are lamp crater; or, on the other hand, 
lamps in which the incandescence of certain substances 
(oxides of certain of the elements for the most part) is pro- 
duced by the application of a heating flame or the passage 
of an electric current to raise their temperature. Of these 
latter burners, the development of those using a heating 
flame applied to produce incandescence of rare earths is 
the particular thing dealt with in this report, but it seems 
impossible to avoid a mention of others when giving an 
outline of the chain of discoveries and inventions leading 
up to the Welsbach light of to-day. 
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It is probable that Drummond is one of the earliest dis- 
coverers of the fact that heated oxides of certain elements 
incandesce. Certainly he made the first practical application 
of the fact. Every one knows of the Drummond or lime 
light which has been so commonly used in the projection 
lantern. A piece of lime, or better, a piece of oxide of 
magnesium, or, most refractory of all, a piece of oxide of 
zirconium, has an oxyhydrogen flame play upon it and is 
thereby heated to a temperature at which it incandesces 
and gives off an intensely-bright white light. Lieutenant 
Thomas Drummond, in the English government service, 
made this discovery in 1826, and used it in connection with 
his heliostat in surveying work, and afterwards proposed 
the same arrangement for lighthouse service. 

In 1868, Le Roux, Professor at Ecole Polytechnique, 
Paris, discovered that a brilliant incandescent light might 
be procured from a rod of lime or magnesia, by heating it 
until an electric current passes, this afterward maintaining 
the light. 


In 1879, Jablochkoff patented the use of a piece of kaolin 


as a source of light, making it incandesce by passing an 
electric current through it. Hehad noticed that the kaolin 
he had placed between the carbons of his arc lamp assisted 
the illumination. 

These inventions show something of the development 
of knowledge regarding materials which might be made 
incandescent, and the means taken to make them incan- 
desce. 

Several years later, in 1881, W. M. Jackson (an Ameri- 
can) invented the device of a lamp made of platinum, 
iridium or other materials non-oxidizable at high tempera- 
tures, in the form of wires of small section which were 
heated to incandescence by the use of a heating flame. 
He discovered that the finer his wires, the more intense the 
light produced. Here is a beginning of a mantle light. 

In 1881, Charles M. Lungren, of New York, patented in 
the U. S. Patent Office an improvement in illuminating 
apparatus, which consisted in passing a non-luminous gas 
flame through a heater of clay or similar material highly 
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heated by jets of the non-luminous gas, and forcing atmos- 
pheric air through the heater and causing it to mingle with 
the non-luminous gas issuing in one or more jet flames 
against lime, magnesia, zirconia or similar material, produc- 
ing incandescence. 

In the same year (1881) Mr. Lungren filed an application 
in the Patent Office for a means of illumination which con- 
sisted in forming a filamentary body of refractory material, 
said body having the structural form necessary to envelope 
a gas flame and to be rendered incandescent by such flame. 

This application, after allowance by the Patent Office, 
was permitted to lapse, and no patent was then issued. 

Mr. Lungren, however, renewed his application in 
August, 1885, and the patent, which embodied improve- 
ments upon his unissued patent of 1881, was issued July 
5, 1887 (No. 365,832). Subsequently, a second patent (No. 
367,534), describing specific features of his incandescent 
lighting method, was issued to Lungren under date of 
August 2, 1887. 

In the first of these patents Lungren describes his method 
of making refractory filaments for lighting composed of 
“lime, magnesia, zirconia, etc.,” by preparing a plastic mass 
of these materials, or mixtures of them by kneading them 
with water, or preferably, a solution of a mucilaginous bind- 
ing material, such as glue or gum, or other combustible 
material which will be consumed in the further treatment 
of the filament. When the mass is of the proper consist- 
ence, it.is put in a press and the filament is obtained by 
expressing the material through a die. Immediately after 
their formation, and while still moist, the filaments are 
formed up into various shapes desired by bending or coil- 
ing over a mandrel of wood coated with plumbago, or other 
device, and then dried, when they are ready to apply to a 
support and to be used in connection with a gas flame, in 
substantially the same manner as the well-known Welsbach 
mantle. 

The Lungren incandescent lighting system was the sub- 
ject of investigation by the Committee on Science and the 
Arts of the Franklin Institute in 1891. Prolonged practical 
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tests of the Lungren filaments showed that they possessed 
unusual life duration in service, with satisfactory lighting 
quality, and the award of the John Scott Legacy Premium 
and Medal was made to the inventor. 

For reasons unknown to your committee, this promising 
invention was never commercially exploited. 

The next year (1882) a Frenchman, Charles Clamond, 
invented a lime light operated without oxyhydrogen flame 
by intensely heating the air used and directing the flame of 
his air and gas mixture against the refractory oxide chosen. 
He knew of the possible use of certain other metallic oxides 
to produce an incandescent light, and even invented a basket 
or mantle of magnesia threads, supported in an enclosing 
platinum mantle of small wire and large mesh, which was 
hung below the lamp and the heating flame directed down 
into it. The threads were made from magnesia which was 
calcined and pulverized, then made plastic by mixing with 
salts of magnesia, which may be afterwards decomposed by 
heat, then squirted through a die, woven into a basket form 
and dried and baked. 

In 1885, Otto B. Fahnehjelm, a Swedish inventor, secured 
an American patent (see U.S. Patent No. 312,452, February 
17, 1885) for an incandescent light which consisted in the 
combination with a suitable gas burner and a shade holder 
of means for suspending an incandescent body in the flame 
of the burner, and for adjusting the incandescing body hori- 
zontally and vertically in relation to the flame. The Fahn- 
ehjelm light consisted substantially of a series of rods of 
calcined magnesia, resembling the teeth of a comb, held in 
a suitable frame and suspended in a non-luminous flame of 
gas. 

In 1886, Galopin and Evans (in Australia) produced a 
lamp burning hydrocarbon vapor mixed with air to produce 
a heating flame, directed downwards into a woven platinum 
mantle, which was thus made incandescent. 

About this same time, or even a little earlier (1885), Carl 
Auer von Welsbach announced the invention of a lamp in 
which the rare oxides of lanthanum, yttrium, zirconium, 
etc., in a finely divided condition, were rendered incandes- 
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cent by heating to a high temperature. The source of light 
was a light network of cotton thread impregnated with a 
solution of the salts of the combined nitrates, oxides or 
bromides. After being saturated with these, upon exposure 
to heat, the supporting cotton network was burned out, the 
salts converted into the oxides and a skeleton hood or cap 
thus prepared,which would incandesce when a heating flame 
was applied to it. 

The absolute originality of this form of mantle and 
method of manufacture should be carefully noted. 

The nitrates of the metals, being very soluble, were espe- 
cially adapted to the process, although sulphates, iodides or 
bromides could also be used. 

Welsbach found that this mantle, as it came to be called 
almost from the first, could resist the action of all atmos- 
pheric air fit to breathe for an indefinite length of time, was 
not changed by exposure and would remain effective for a 
long time. 

For the next five years or more von Welsbach was con- 
stantly at work making elaborate investigation of the prop- 
erties of all oxides of metals which would incandesce when 
used separately, and when combined in various mixtures. 
He invented processes whereby the salts of the metals re- 
quired for impregnating mantles might be prepared from 
the natural ores, originated means for strengthening the 
frail mantle, arranged the mantles for transportation in 
safety, and perfected many details making the lamp practi- 
cal. 

It is interesting to notice that the form of mantle and the 
general process of manufacture have remained up to the 
present precisely as von Welsbach originally planned 
them, without improvements or essential modification of 
any kind. 

One or two of the discoveries of von Welsbach are neces- 
sarily mentioned a little in detail, to explain the magnitude 
of the investigations he conducted and the sort of results he 
procured. 

A patent No. 409,531, August 20, 1889, explains that the 
illuminating power is greatly increased by adding thorium 
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oxide; that lanthanum oxide without sufficient thorium ox- 
ide crumbles when incandescent—with it the mantle be- 
comes flexible. Later he found (patent No. 563,524) that 
thorium oxide, by the addition of a small per cent. of ura- 
nium or cerium oxide, has a very high illuminating power, 
producing a vivid and nearly white incandescent light, in 
spite of the fact that thorium oxide alone radiates little light 
which is yellow in color, and that uranium oxide alone radi- 
ates little light, and it is yellow reddish. Still later, he dis- 
covered that the illuminating power of lanthanum, cerium, 
yttrium, zirconium and other metals of the refractory earths 
is greatly increased by the addition of thorium oxide (ThO,); 
that cerium not only gives a yellow light (very desirable 
color), but greatly increases the life of the mantle, causes it 
to hold its shape better, and makes it in every way stronger 
and more durable, 

Thus we get a slight idea of the elaborate researches 
conducted by Dr. von Welsbach, and of the many difficul- 
ties which had to be overcome before the Welsbach mantle 
could become practical and commercial. 

To complete the story of lights procured by the incan- 
descence of metallic oxides, mention should be made of the 
lamp invented by Prof. Walther Nernst, of the University 


of Géttingen, early in 1899, the substance rendered incan- ba 
descent being a magnesia rod through which an electric ef 
current is passed after preliminary heating. Not only is he 
this light related to the same group as the Welsbach, not t 


only does it give a very modern illustration of a sort of lamp i 
mentioned earlier in the report, but (most interesting of all) { 
in his latest work Nernst gives up the magnesia and uses i 
the same mixtures of oxides as used in the Welsbach man- 
tle—zirconium, thorium, cerium, erbium, etc. 

A very brief description of the lamp and mantle made 
for use with illuminating gas by the Welsbach Light Com- nu 
pany, of Gloucester, N. J., will give the best idea of present | 
methods, and serve to bring out some important points s 
with reference to the light-giving power, durability and Fi 
economy of the mantle as put on the American market. 
The Welsbach “J” mantles (standard until very recently) 
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were made about as follows: A six-cord cotton thread was 
woven on a knitting machine forming a tube of knitted 
fabric of rather open mesh. This web has the grease and 
dirt thoroughly washed out of it, is dried, then cut into 
lengths double that required for a single mantle. It is then 
saturated in the fluid (described later),wrung out, stretched 
over spools and dried. Next, the double length pieces are 
cut into two, the tops of each piece doubled back and sewed 
with a platinum wire which draws the top in and provides 
a means of supporting the mantle when finished from the 
wire holder. After stretching the mantle over a form, 
smoothing it down and fastening the platinum wire to the 
wire mantle holder, the mantle is burned out by touching 
a Bunsen burner to the top. The cotton burns off slowly, 
leaving a skeleton mantle of metallic oxides, which are un- 
consumed, and which preserve the exact shape and detail 
of every cotton fiber. The soft oxides are then hardened 
by a Bunsen flame. During burning out and hardening, 
considerable shrinking takes place. This finishes the pro. 
cess, except the immersion of the mantle in crystalline, to 
prepare it for transportation, after which it is trimmed and 
packed. The fluid in which the cotton webbing is immersed 
is procured from monazite sand, which yields in the finished 
mantle oxides of thorium and cerium. 

The candle-power of mantles of the sort mentioned is 
about 75 initial candle-power under gas pressure of Phila- 
delphia illuminating gas. This means 20 candles per cubic 
foot per hour (an ordinary 8-foot fish tail burner gives not 
over 3 candle-power per cubic foot per hour). The life of 
the mantles is probably not much below 1,000 hours. The 
candle-power drops quite rapidly at first and more gradually 
afterwards, going as low as to one-half the initial candle- 
power before the mantle breaks. 

It is hard to tell how much the perfection of detail in 
burner construction, a proper selection of chimney, and ar- 
tistic features of design have contributed to procure the 
very large commercial use of the lamps. Without proper 
burners the mantle would be of small value. The details 
of the common burner, the peculiarities of which make it 
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different from the ordinary Bunsen burner in adjustment of 
gas and air; the gauge distributing device to spread the 
flame over the whole mantle and so fill the mantle are 
too well known to merit detailed description. 

The mantle first made in America, in 1888, gave only 
35-40 candle-power initial, under 10/10 pressure, using 3 to 3°2 
feet of gas on 3-inch mantles, and under ordinary conditions 
not over 8 candle-power per cubic foot of gas used. 

The new mantle, known as Balm Hill or, popularly, 
“Yusea” mantle, has a much more open mesh than the “J” 
mantle, and is made on lace-making machinery. It is thus 
supposed to be much stronger than the older mantle, and 
gives about 100 initial candle-power at the mantle when the 
gas and air are properly adjusted inthe burner. Your com- 
mittee has been unable to gather data of life or decline in 
candle-power in time to include them in this report. 

Certain defects in the mantle light should not be entirely 
passed over. The mantle is exceedingly fragile and cannot 
be made to stand where it is subject to continued vibration; 
the quality of the light is such as to require the adjectives 
cold, ghastly, harsh, in describing it; and often a greenish 
tinge in the light is evident. The candle-power drops badly 
early in the life of a mantle, and is especially subject to this 
trouble where there is much dust in the air; the oxides i 
seem to volatilize slowly from the mantles, as evidenced by 
the shrinking in size of strands of mantle and the white de- ae 
posit on chimney, for platinum melts easily in the part of 
the flame where the mantles hang. 


- 


If the mantle breaks, a hole being thus produced in it, i 
the hot flame strikes out through this, often breaking the ' 
chimney and as a secondary result destroying the mantle it- { . 
self, 


On the other hand, the advantages in the use of the man- 
tle for lighting are shown not only by statements already 
made, but also by the fact that artificial lighting has 
been profoundly affected by the commercially-successful a 
mantle. We have systems of lighting using mantles now . 4% 
in which the source of the heating flame is gas, gasoline, at 
kerosene. ‘There are systems using Welsbach mantles in | 
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which pressure of large amount, and others in which low 
pressure is used. There are two great companies, the Wels- 
bach Commercial Company and the Welsbach Street Light. 
ing Company, that do an enormous business and deal 
only with the use of the Welsbach mantle in lamps using 
ordinary illuminating gas. 

The patents held in this country by the Welsbach Light 
Company are very broad and fundamental, and have to do 
with all sorts of details of the system as well. The num. 
bers of the patents of most importance are given below.* 
Over fifty in all were submitted to yourcommittee. Some of 


‘ these are not to Welsbach, and yet are for processes of im- 


portance in the manufacture of the present American-made 
mantle and lamp. 

In consideration of the enormous advance in the art of 
artificial lighting made possible by the invention of the 
Welsbach mantle, the Franklin Institute awards the Elliott 
Cresson Medal to Dr. Carl Auer von Welsbach, of Vienna, 
Austria, for his discoveries regarding the metallic oxides 
which may become incandescent when heated, and for the 
invention of a mantle by the use of which these metallic 
oxides are commercially available as sources of artificial 


light. 


*359,524, March 15, 1887. 
7, 1888. 


377,698, Feb. 
377,699, 
377,700, 
377,701, 
390,057, Sept. 
396,347, Jan. 
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25, 


15, 1889. 


399,174, March 5, “ 


Carl Auer von Welsbach. 


se 
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Harold J. Bell. 
Carl Auer von Welsbach. 


407,963, July 30, ‘* F, L. Rawson and W. Stepney Rawson. 
409,528, Aug. 20, Carl Auer von Welsbach. 

438,125, Oct. 7, 18go. 

463,470, Nov. 17, 1892. 

563,524, July 7, 1896. 


26,075 (design), Sept. 22, 1896. Geo. S, Barrows. 
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Also, in view of the many details wrought out by the 
Welsbach Light Company, of Gloucester, N. J., in putting 
a thoroughly practical mantle on the market, the Franklin 
Institute awards to them, the said company, in addition, 
the Edward Longstreth Medal of Merit. 

Adopted at the stated meeting of the Committee on Sci- 
ence and the Arts, held Wednesday, June 6, 1900. 

JOHN BIRKINBINE, President. 
Wma. H. WAHL, Secretary. 
Countersigned by 
H. R. HEYL, 
Chairman of the Committee on Science and the Arts, 


CHEMICAL SECTION. 


Stated Meeting, October 25, 1900. 


THe USE or BLAST FURNACE GASES In GAS 
ENGINES. 


By PROF. JoSEPH W. RICHARDS, 
Member of the Institute. 


Practical gas engines were first put into operation by 
Otto, in 1870. They were for many years made only of 
small powers, 1 to 10 or, at most, 20 horse-power. The 
fuel used was illuminating gas, which has the high calorific 
power of 4,500 to 5,000 calories per cubic meter. About 
1886, experiments showed that weaker gas could be used, 
and that if. the gas and air mixture was strongly com- 
pressed in the cylinder before explosion, the ignition never 
failed. This gave rise to the running of gas engines by 
producer gas, particularly that made by the auxiliary use of 
steam, and therefore carrying considerable hydrogen. Such 
gas is in reality a mixture of normal producer gas with 
water gas; it is sometimes called Dowson gas, after the 
Dowson producer. It may carry 5 to 15 per cent. of hydro- 
gen, and its calorific power vary between 1,000 and 1,500 
calories per cubic meter. The use of this gas in large 
engines, up to 200 horse-power, gave an efficiency of 1 
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horse-power per 1 pound of coal per hour, and is even at 
present the most efficient method of generating mechanical 
power from coal. 

The next step was a natural one; it was a consideration 
of the question: “Can blast furnace gases be used in gas 
engines?” As far as I can find, the question was first taken 
up practically by B. H. Thwaite, a British engineer, in 1894. 
Before considering his investigations, let us imagine the 
conditions which bear on the case. 

(1) Blast furnace gases are not as rich as illuminating 
gas or even as producer gas, not even as rich as the poorest 
regular producer gas. Average analyses of rich and poor 
producer gas and blast furnace gases would be about as 
follows, in percentages by volume; on dried gas: 


Dowson Siemens Blast Furnace 

Gas. Gas. Gas. 
58 65 60 
Percentage of combustibles ....... 43 32 28 
Calorific power per cubic meter .... . 1,400 I, 100 950 


The conclusions drawn from this comparison would be 
that it would be a more difficult problem to secure unfail- 
ing ignition of blast furnace gases. Indeed, the quality of 
these gases varies at times so greatly that they can scarcely 
be burnt under boilers. Any use of these gases in gas 
engines must therefore face this possibility of very poor 
gas, and provide exceptional means to secure unfailing 
ignition of very poor mixtures. Another incidental con- 
clusion would have been that for a given power the engines 
using blast furnace gas must be larger, because of the de- 
creased calorific power of the gases, 

(2) Blast furnace gases are very dusty, from particles of 
the charge, and impure with metallic and saline vapors, Any 
prospective use in gas engines must consider this difficulty, 
and either provide for efficient cleaning of the gas, or pro- 
vide an engine which is not affected by the dust or corroded 
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by the saline vapors. Cleaning of the gas would naturally 
recommend itself as the most likely to succeed in over- 
coming this obstacle. 


(3) There is usually 5 to 10 per cent. of vapor of water i 
in blast furnace gases, which would decrease the expansive te 
force of the explosion and so decrease the power of the iy 
engine. A removal of the water vapor by condensation re 
would appear desirable. 4 

(4) Gas engines run ordinarily at 200 revolutions per i) 
minute, or more, while blowing engine cylinders run at 25 i 


to 40. Gas engines, therefore, would not appear capable of j 
supplying blast for furnaces without using gearing or other ia 
means of reducing the speed, or else by making a radical ad 
reduction in the speed of running the engines or a radical 
increase in the speed of the blowing cylinder. Meanwhile, 
until these are attained, the gas engines are suited only for 
higher speed machinery than blowing engines. 

Such as above outlined would have been the conditions 
and problems confronting the investigator in this field six 
years ago. We will now pass on to consider how these & : 
difficulties, real and prospective, have been overcome. cs | 

B. H. Thwaite applied for a British patent on May 2, ae | 
1894 (granted May 2, 1895, No. 8670), which described 
methods of purifying blast furnace gas preliminary to using 
itin gas engines; the methods being, briefly, to take the } 
gases from the furnace in such a manner that as little dust i 


and metallic vapor passes into the down-comer as is possible, 
and as much combustible gas; then filtering the gas ! 
through wet columns of coke or brushwood, and screening i 
it through sawdust, powdered asbestos or a fine wire screen. i 
The claims are for using the special purifying apparatus { 
described, in combination with thermo-dynamic motors, etc. q ; 

Mr. J. Riley* says that he was acquainted with this pro- ey 
posal of Thwaite in the autumn of 1894, and in February, | 
1895, arranged for a 1§ horse-power engine to be set at 4 
work on gas thus purified, at Wishaw, Scotland. This 4 
motor ran some light machinery very successfully, and 


* Journal Iron and Steel Inst., 1898, 1, 33. 
VoL. CL. No. goo, 
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delivered in indicated horse-power the equivalent of 20 per 
cent. of the thermal value of the gases burnt. This was 
the first motor run on blast furnace gas. Its successful 
operation inspired W. H. Watkinson to read a paper on the 
subject before the West of Scotland Iron and Steel Insti- 
tute, on March 15, 1895,* in which he discusses the power 
to be saved by a furnace making 100 tons of pig iron a day, 
as something like 6,000 horse-power, an amount quite start- 
ling, and, it must be said, much too large. The average 
saving will be about one-half that amount. Still, this is 
the first public announcement of the successful experiment 
and of the possibilities which it revealed. 

' Since 1895, numerous small motors have been in operation 
in Great Britain, using purified blast furnace gas. They 
have been mostly of 10 to 40 horse-power, but more recently 
up to 200, driving machinery and dynamos, but not blowing 
engines. In the development of large motors and their 
adaptation to blowing engines the Continent, and more 
particularly Belgium, has taken the lead. 

In the beginning of 1895 experiments were also under- 
taken in France with small Deboutteville gas engines, but 
without much success, so that no records of the results at- 
tained were made public, Bailly and Kraft, however, engi- 
neers at the John Cockerill Works, at Seraing, Belgium, 
were sanguine of success, and installed a 4 horse-power 
Deboutteville motor, which began operations in December 
of that year, being nearly ten months after Thwaite’s suc- 
cess in England. This motor worked steadily for eighteen 
months, an average of sixteen hours daily, using purified blast 
furnace gas. The analyses of Witz showed that the quality 
of the gases did not vary so much as had been anticipated, 
and rather approximate measurements of the efficiency 
showed a total of 12 percent. After four months’ running 
the cylinder was found to be clean, it appearing that the 
dust in the gases was all thrown out in the white smoke of 
the exhaust. No corrosive action in the cylinder was ob- 
served after two years’ use. 


* Journal Iron and Steel Inst., 1895, 11, 471. 
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Encouraged by these results, drawings were prepared in 
1897 for a 200 horse-power motor of the “ Simplex” single- 
cylinder type, a four-cycle machine. This engine was put 
in operation in April, 1898, and a description of its installa- 
tion given by Mr. A. Greiner, Director-General of the Cock- 
erill Society, before the Iron and Steel Institute, on May 5, 
1898 ;* while a report on its working was made by Witz to 
the same society August 26, 1898. Greiner said in his 
announcement: “ When a 200 horse-power engine has run 
successfully for six months, manufacturers will be embold- 
ened to put up one of 500 or 800 horse-power to drive the 
blowing engines for a blast furnace or converter plant, 
and thence to a rolling mill engine is an easy advance.” 

The report of Witz, three months later, was eminently 
favorable. Thetests had been made by Witz, together with 
Professor Hubert, of Liege University, engineers Bailly and 
Kraft, of the Cockerill Company, and Deboutteville, the gas 
engine builder. The gas was passed through three pairs of 
coke scrubbers, and then straight to the engine through a 
gas holder of 300 cubic meters capacity. Its calorific power 
varied from 800 to 1,000 calories, and averaged 981 per cubic 
meter. The cylinder was 08 meter diameter by 1'o meter 
stroke, and the gas-air mixture was compressed to 7°5 at- 
mospheres pressure before ignition. Fly-wheel, 15 tons. 
The detailed figures obtained were for a 24-hour run: 


Average velocity. ....... 105°2 revolutions per minute. 
Effective horsepower .....- 181°2 
Water used in cylinder jacket . . 72‘0 kilos per horse-power hour. 
Oil used forlubricating .. .. grams per horse-power hour. 
Grease used for lubricating . . 
Temperature of water raised . . r1°0°C. 

7 ** discharge . . . 480° to 510°C. 
Consumption of gas... .. 3°33 m* per horse-power hour. 
Thermalefficiency. ...... 19'5 percent. 


The report remarks that “the engine works as regularly 
as a steam engine, and the dust in the gas isin no way inju- 
rious to its continual operation.” 


* Journal Iron and Steel Institute, 1898, I, 21. 
t Journal Iron and Steel Institute, 1898, I1, 130. 
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This engine has been steadily at work now for over two 
years, driving a dynamo for power purposes day and night, 
without any wearing out of the parts, the interior of the cyl- 
inder showing only avery thin brown skin, which in no 
wise affects the working of the piston or the efficiency. 

Calculations based on the figures obtained with this 
engine showed that at the Seraing furnaces, making 600 
tons of pig iron daily, the gases were producing through 
steam boilers and engines 2,300 horse-power, with a thermal 
efficiency of 2°5 percent. The same gases used in gas en- 
gines at an efficiency of 20 per cent. would be capable of 
developing 18,400 horse-power, leaving a surplus of 16,000 
horse-power available for other purposes, which is at the 
rate of 2,667 horse-power surplus per 100 tons of pig iron 
made per day. 

These surprising figures andthe success already achieved 
stimulated experiments in Hoerde, Germany, and Differdin- 
gen, Luxembourg. At Hoerde the Deutz motor was tried, 
and at Differdingena “Simplex” engine. The Cockerill 
Company, however, again took the initiative, and, in 1899, 
had constructed the largest single-cylinder gas engine ever 
built, connected to a blowing cylinder for furnishing blast. 
The engine was designed and constructed by Deboutteville, 
and was started on November 2, 1899. On May g, 1900, Mr. 
A. Greiner described the engine to the Iron and Steel Insti- 
tute,* and gave the results attained by six months’ continuous 
working. The details are highly interesting, since this is 
the first gas engine to run the blowing machinery of its own 
furnace: They are, in abstract, as follows: 


DIMENSIONS. 
Diameter gas cylinder. meters (51 inches). 
PRESSURE OF BLAST SUPPLIED. 
AtGatimim. «6s 40 centimeters of mercury ( 7 75 lbs. per in.). 


*Journal Iron and Steel Institute, 1900, I, 109. 
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POWER DEVELOPED, 
561 to 725 effective horse-power in the blast cylinder. 


GAS USED. 
2°86 m* per effective horse-power hour. 

EFFICIENCY. 


28 7 per cent. as indicated horse-power. 


A consideration of the distribution of the heat energy 
showed approximately: 


Converted into work in the cylinder. .... +++ + 30per cent, 
Carried away by the cooling water ......... 


The Cockerill 700 horse-power gas engine and blowing cylinder at the Paris 
Exposition of 1900. 

These tests were conducted by Professor Hubert, of Liege; 
Mr. Witz, of Lille; Mr. Bryan Donkin, of London; Professor 
Meyer, of Gottingen, and Professor Dwelshauvers, of Liege. 
Taking the tests, together with the fact that the engine has 
actually been blowing a blast furnace for nearly a year, 
and the question which was proposed by Thwaite has its 
complete and satisfactory solution. In five short years the 
problem has been practically solved, and an economic revo- 
lution in the working of blast furnaces is but the matter of 
application of the results already proved possible. 

The large engine and blower shown by this company at 
the Paris Exposition was a duplicate of the one under dis- 
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cussion. It is rated at 700 horse-power on blast furnace 
gas, 800 on producer gas and 1,000 on illuminating gas. It 
was run daily for an hour, and was always surrounded by 
an interested group of sight-seers. Its approximate cost is 
given at less than $30,000, or, roughly, $40 per horse-power. 
This is not far from that of modern steam blowing engines, 
leaving out the cost of boilers and their maintenance. 
One may also imagine the possibility of rebuilding our 
horizontal blowing engines, with their steam and blast 
cylinders tandem, into gas engines, by replacing the steam 
cylinder by a gas cylinder and making the blast cylinder 
quicker acting. 

The Cockerill Company and its concessionaries have in 
course of construction 35,000 horse-power of their type of 
engines. Other European firms have probably altogether 
an equal power projected. Among the actual plants now 
in operation are the following: 

Seraing, Belgium, four 500 horse-power motors, running blowing engines. 

Differdingen, Luxembourg, four 500 horse-power motors. 


Hoerde, Westphalia, two 600 horse-power and two 1,000 horse-power 
motors, running dynamos and therewith manufacturing calcium carbide. 


Total, 3,200 horse-power. 

Friedenshiitte, in Upper Silesia, two 200 horse-power and two 300 horse- 
power ; total, 1,000 horse-power. Used for electrical purposes. 

Oberhausen, one 600 horse-power engine. 

Dudelingen, two 600 horse-power and two 1,000 horse-power ; total, 3,200 
horse-power, 

Kneutingen, two 500 horse-power for blowing. 

Roechling, one 200 horse-power, two 609 horse-power. 

Ruhrort, one 500 horse-power. 

Barrow, England, 1,000 horse-power. 

Toula, near Moscow, three 600 horse-power engines for blowing, and three 
200 horse-power engines to run an electric plant; total, 2,400 horse-power. 

Island of Elba, 1,000 horse-power. 


In order to discuss the application of this great economy 
to American blast furnace practice, we must confess, to 
start with, that not one single example can be yet cited. 
Why this is so is hard to surmise; many reasons, or, rather, 
excuses, may be advanced; possibly our iron works have 
been so busy making money during the last two years that 
they have had no leisure to consider the question fairly and 
on its merits. 
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European practice, to start with, provides us with all the 
data necessary for discussing the question of applying this 
improvement to American blast-furnace practice. To bring 
out the great saving of power possible under the different 
conditions which may prevail in different localities and in 
different practices of driving furnaces, I have calculated 
the minimum, the average and the maximum surplus of 
power which may be obtained by replacing our present 
boiler and steam engine plants by gas engine plants. The 
calculations are all made on the basis of a production of 
100 metric tons (98°57 long tons) of pig iron produced per 
day. ; 

CASE I.—TZo find the minimum surplus powzr. Let us 
assume : 

(1) A poor gas, ratio CO, to CO = 3 to § (by volume), with the com- 

position by volume— 


(2) A very low fuel consumption of 700 1kilos per ton of iron 
(1,550 pounds). 

(3) A high temperature of the blast, 700° C. 

(4) The requisite quantity of blast supplied at a maximum pressure 
of 1°33 atmospheres (nearly 20 pounds per square inch). 

(5) The hot-blast stoves to have a minimum efficiency (50 per cent.) 
and therefore to take away a maximum proportion of the gases. 


CasE Il.—To find the average surplus power. Let us 
assume : 


(1) An average gas, with CO, to CO = 1 to 2, by volume, and com- 
position by volume— 


(2) An average fuel consumption of goo kilos per ton of iron 
(2,000 pounds per long ton). 

(3) An average temperature of blast, 550° C. 

(4) The requisite blast supplied at 0°67 atmosphere (10 pounds per 
square inch). 

(5) The hot-blast stoves to have average efficiency (65 per cent.). 
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CasE IIl.—T7o find a maximum of surplus power. Let us 
assume: 
(1) A rich gas, with CO, to CO = 1 to 5, by volume, and composition 
by volume— 


(2) A maximum fuel consumption of 1,045 kilos per ton of pig iron 


(2,400 pounds per long ton). 


(3) A minimum temperature of blast, 400° C. 


(4) The requisite blast supplied at a minimum pressure, 0°33 atmos- 


phere (5 pounds per square inch). 


{5) The hot-blast stoves to have a maximum efficiency (80 per cent.). 


We shall then obtain by the proper calculations the fol- 
lowing results as to the surplus power obtainable by using 
boilers and steam engines on the one hand, or gas engines 


on the other: 


Case II. | Case III. 


Case I. 
Volume of gases per 100 k. ofironinm® ......4+-+. 307 404 | 503 
Calorific power of gasperm®........2ec2ee05% goo 953 986 
Calorific power of gas per took. ofiron......... 276,300 385,012 495,958 
Assume to per cent, lost by leakage. ...+ .. «es 27,630 | 38,501 49,596 
Net power of remaining gas ......6604+066 248,670 346,511 446,362 
Weight of blast, in kilos, per rook. of pigiron ..... | 312 388 462 
Volume of blast, in m°, per 100k. of pigiron...... 241 300 357 
Heat to be supplied the ovens. ........50206. 160,460 93.700 60,450 
' Net calorific power of the gas left over for boilers or 
Equivalent horse-power of above gas, at an efficiency 
of 100 per cent., expressed per 100 tons of pig iron 5,770 16,500 25,200 
Indicated horse-power developable by gas engines us- 
ing this gas at an efficiency of 30 percent. .... . 1,730 49? 7,560 
Indicated horse-power necessary for furnishing the 
; { blast, plus 10 per cent. for hoisting, pumping, etc. . } 640 460 id 
: Surplus indicated horse-power, using gas engines, fer} 
100 tons of pig tron produced daily. 4,490 7,290 


Remarks.—The surplus of 1,090 horse-power obtainable 
in Case I is obtainable, according to the assumptions made, 
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when all the conditions are the most unfavorable for the ‘ 
generation of power from the gases. These assumptions a 
agree with the best modern practice in all points except the i 
last, 7. ¢., the minimum efficiency of the stoves. It needs 4 
no argument to prove that a plant using the minimum of ie 
fuel and maximum temperature and pressure of blast would a 
be necessarily a plant with stoves of the most approved 
type and efficient working. If we were to make this one 
change in the assumptions, and assume that instead of using 
stoves with an efficiency of only 50 per cent., there were page 
used modern stoves with 75 per cent. efficiency, there 
would result a theoretical development of 2,780 horse-power 
in the gas engines, or a surplus above that required for the 
furnace itself of 2,140 horse-power. This, then, is the final 
estimate of the minimum surplus power to be obtained from 
a modern blast furnace running on the most economical 
conditions as regards the production of pig iron—reckoned 
per 100 tons of pig iron daily. 

Case II gives a figure which applies, not to the latest a 
type of furnace practice, but to the average type of furnace 
making 1co to 200 tons of iron per day—such furnaces as 
represented good working twenty years ago, and many of 
which are in operation yet east of the Alleghenies. 

Case III represents a figure which is approximated 
by small, old-fashioned furnaces with a high fuel con- 
sumption—in other words, average practice of thirty or 
forty years ago. The one exception to be taken to this 
statement is that the stoves are assumed to have a maxi- 
mum efficiency. If they have a minimum efficiency, the 
figure would be cut down some; but it is only a rough ap- 
proximation at the best, and an actual illustration to be 
given will show that it is not higher than has occurred in 
actual practice. 

To prove the correctness. of these general conclu- 
sions, it will be interesting to check the figures as to . i. | 
horse-power by calculating the power actually raised by : 
steam boilers and engines, and seeing if this coincides with ry 
actual results of practice. To do this we will take the sur- 
plus gas and assume it thus converted into mechanical 
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power, at a total efficiency of 3 per cent. (average poor prac- 
tice), 6 per cent. (average good practice) and 12 per cent. 
(best attainable practice). 


| Case I (a). | Case 1(6).| Casell. Case III. 


Horse-power of gases per 100 tons of pig 
iron daily, at 100 per cent. efficiency . . } 5770 | 9260 16,500 3,200 
Indicated horse-power necessary for run- } | 
ning the furnace, per 100 tons daily. . . | 640 640 460 -" 
| 
Indicated horse-power by steam 
(1) power at 12 per cent. efficiency 690 1,980 3,000 
Surplus power, on this assumption . . 50 470 1,520 2,730 
, Indicated horse-power by steam at 6) 
(2) per cent. efficiency ........ 5 4S | 55S 999 — 
Surplus power, on this assumption [—295] {| [— 8s] 430 1,230 
Indicated horse-power by steam at 3} | 
(3) | per cent. efficiency ........ f 270 280 495 750 
Surplus power, on this assumption ..  [— 470] [— 360] 35 480 


Case I (a) represents Case I of the previous calculations, 
2. é., best modern practice with poor stoves. Case I (6) is the 
modification which considers best modern practice, using 
good efficient stoves. 

The figures of assumption (1) above are highly theoreti- 
cal, inasmuch as they represent the very best attainable 
practice with the best engines and boilers, kept up to their 
highest efficiency. These figures parallel those of Mr. Gor- 
don, calculated on this assumption, contained in his paper 
in the /ron Age, of October 18, 1900. Considering the diffi- 
culties of blast furnace practice, they are an unattainable 
ideal. ‘They show a moderate surplus in the case of best 
modern practice, and a large surplus of 1,520 horse-power 
in the case of average practice. 

The figures of assumption (2) really represent nearly the 
best of modern furnace attainment. They show just about 
sufficient power raised to run the furnace in good practice 
with low fuel consumption, and a modest surplus of 430 
horse-power in average practice. 

The assumption (3) is nearer the average of small blast 
furnace steam plant efficiency, and shows a decided deficit 
of power for good running with low fuel consumption, and 
just barely sufficient power in the average running. 
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We will close by making some specific applications of 
these calculations to actual American practice, in order to 


check off the general reliability of the conclusions so far 
stated. 
Case III.—As an interesting illustration we will take the u 
working of a small spiegeleisen furnace in Eastern Penn- u 
sylvania, which, as far as fuel consumption and general effi- ‘ 
ciency is concerned, will represent fairly well the conditions ; 


of our case, and may be taken as typical of the features of 
the small furnace of fifty years ago. 


CONDITIONS. 


Composition of gas by volume : Le 
Spiegel produced .... « 6,818kilos daily. | 
Carbon in spiegel. . . . + + 4 percent. 
Efficiency of stoves ........30 “* “ (iron pipe stoves). -— 2. 
Gas lost by leakage .........10 % 
Pressure of blast ..... ++ + 0°75 kilos per c.m’. (11 pounds 
per inch). 
RESULTS OF CALCULATIONS. Re 
Calorific power of gas... .... + + « « 1,052 calories perm’, 
Volume of gasperday ...... +++ « «137,204 m’, 
Required to heat blast, perday ...... » 50,000,000 
Indicated horse-power of engine and pump . . 150 
CONCLUSIONS, 
Calorific effect of gases, perday .. .. «144,338,000 calories. 
Lost (10 percent.). ... .. + + 14,433,800 
For heating blast. . .......-. 50,000,000 
64,494,000 
Surplus for burning develops. ......... 79,900, 
Horse-power at 100 per cent. efficiency ..... 5,200 horse-power. ty 
Developable by steam at 3 per cent. efficiency. . 165 « ie: 
‘* gasengines at efficiency 1,650 
Surplus power using steam ... . 
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Remarks.—This little furnace barely raised enough steam 
power for its own needs. Using gas engines, there would 
have been a surplus of 1,500 horse-power, which is at the 
rate of 22,000 horse-power per 100 tons of product per day. This 
1,500 horse-power would be sufficient to supply all the power 
needed in the works to which the furnace is attached, and 
save at least $50 worth of coal per day. It is to be under- 
stood that this furnace is an extreme case, and is cited 
simply to illustrate the general correctness of the con- 
clusions of Case ITI. 

CasE I (6).—We will present an example of very good 
modern practice, with exceptionally low fuel consumption 
(leaving the average case to the last, because of its greater 
relative importance). 

The data are from a paper by J. Whiting, in the 
Transactions of the American Institute of Mining Engineers, 
June, 1891, and concern a furnace of the Illinois Steel 
Company, in South Chicago. The gases were exceptionally 
poor, the ratio CO, to CO by volume being 2 to 3, and the 
fuel consumption only 750 kilos per ton of pig iron (or 1,680 


pounds per long ton). 
CONDITIONS. 


Composition of gas by volume : 


Pig iron produced daily... 130 tons, 
Fuel ysed per 100 kilos of pigiron. ....... 75 kilos. 
Carbon in fuel, 100 kilos of pigiron. ...... 64 269 
Carbon in 100 kilos of pigiron ........-. 
Efficiency of boilersandengines ........ 5 [ 
Volume of blast per minute... 247 
Pressure OF Distt’. 0°75 atmosphere. 
Temperature of blasts 850° C. 
CALCULATIONS. 
Calorific power of gasperm® 743 
Volume of gas per 100 kilos of pigiron .... . 332°5 m*. 


Calorific power of gas per 100 kilos of pig iron . . 247,000 calories. 
Required to heat blast, per 100 kilos of pigiron .125,854 ‘“ 


Indicated horse-power of engines per 100 kilos of pig 


1. 


Dec., 1900. | Use of Blast Furnace Gases. 429 
CONCLUSIONS, 

Calorific effect of gases per 100 kilos of pig iron . 247,000 calories. 
Lost (Io percent.) .....- 

131,770“ 
Surplus for burning can develop. ... . 
Surplus develops per too tons iron per day . . 115,230,000 “ 
Horse-power, at 100 per cent. efficiency ...... 7,530 horse-power. 
Horse-power by steam at 5 percent.efficiency . . 375 1“ 
Surplus power per 100 tons output daily ...... 155 - 


Developable by gas engines at 30 per cent. efficiency, 2, 260 " 
Surplus power per too tons output daily ...... 2,040 - 


Remarks.—This result is 100 horse-power less than the 
minimum before calculated, but a large allowance of 10 per 
cent. has been made here for loss, and a reduction of 1 per 
cent. in this item would increase the surplus power 160 
horse-power. The great loss of gas occurring during charg- 
ing and by leakage is an item which is being rapidly re- 
duced by economical managers. 

CaAsE II.—To illustrate this case, that of average blast 
furnace practice, we will take the data from a blast furnace 
plant in Eastern Pennsylvania, which is making in three 
furnaces 2,600 tons of pig iron a week. 


CONDITIONS. 
Composition of gas by volume : 
Pig iron produced daily ........ 370 tome. 
Fuel used per 100 kilos of pigiron .......... loookilos, 
Efficiency of stoves 60 percent. 


Pressure of blast . . 1°3 kilos per cm? (20 pounds per square inch). 
Temperature of blast ......... 


CALCULATIONS. 


Calorific power of gasperm*®......... 873 calories. 
Volume of gas per 100 kilos of pigiton. .. . 434°7 m’. 
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Calorific effect of gas per 100 kilos of iron . . 379,490 calories. 
Required to heat blast, per 100 kilos of iron . 90,500 ‘“ 
Indicated horse-power of engines for blast . . 950 horse-power. 
pumps, etc. (per roo tons of iron daily) . . 65 


CONCLUSIONS. 


Calorific effect of gases per 100 kilos of pig iron, 379,490 


—— 128,450 calories. 


Surplus for burning develops. ...... 251,000 
Surplus per 100 tons of pig iron daily . . . 251,000,000 
Horse-power, at Ioo per cent. efficiency. . 16,400 horse-power. 


Horse-power with steam, at 4% per cent. 


Deficit of steam power, per too tons iron 

Horse-power with gas engines, at 30 per 

cent. efiiciency . 4,920 
Surplus power with gas engines (per 100 

Deficit of steam power per 370 tons daily . . 1,025 ie 


Surplus of gas engine power per 370 tons 


Remarks.—It is an actual fact that, at the works in ques- 
tion, the three blast furnaces are charged with 800 horse- 
power, furnished to them by the boiler plants fired by coal. 
It is also a fact that nearly 10,000 horse-power is raised for 
the rest of the plant by coal-fired boilers, and that a// of this 
could be supplied by gas engines utilizing the blast furnace 
gases, The saving in the coal bill alone would amount to 
at least $150,000 in one year. The gas engine plant to ac- 
complish this would cost $500,000, 

Conclusion.—! have chosen to conclude with this case in 
order to leave an adequate impression of the great industrial 
revolution which is imminent in the economical utilization 
of blast furnace gases. 


METALLURGICAL DEPARTMENT, LEHIGH UNIVERSITY, 
November 2, Ig00, 
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EXPANDED METAL 
AND SOME OF THE USES TO WHICH IT IS PUT. 


By JAMES S. MERRITT, M.E. 


“ Expanded metal” is an excellent illustration of an arti- 
cle which has been found to be applicable to far greater ex- 
tent and for purposes not thought of in the beginning by the 
inventor, than to those which he had in mind when he first 
conceived the idea. When Mr. John F. Golding, of Chicago, 
first attempted to make expanded metal he expected to use 
it as a material for fences, window guards, etc., and he 
called it “slashed metallic screening.” It is probable that 
less than 1 per cent. of the output of expanded metal at the 
present day is used.for these purposes, the greater part of it 
being used now in the fireproof construction of buildings. 
This development is largely due, however, to Mr. Golding’s 
efforts, and there are at the present time four companies in 
the United States and five or six in Europe manufacturing 
expanded metal. There are also a number of local com- 
panies engaged in the fireproofing of buildings, and 
$10,000,000 is probably a conservative estimate of the capi- 
tal now invested in the expanded metal business in its vari- 
ous forms. 

The Franklin Institute was the first scientific society to 
recognize the merits of expanded metal by awarding, in the 
year 1892, the John Scott Medal to Mr. Golding for his 
invention of expanded metal, and this action has since been 
justified in a remarkable degree. It would be difficult to 
find any other name for the material which would so well 
describe it, and the French “ metal deployé” and the Ger- 
man “Streckmetall” both follow the American idiom. 

Expanded metal is cut from a sheet of open-hearth steel, 
expanded, or opened into a netting of any desired size of 
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mesh or section of strand. The operations of shearing the 
steel and opening the meshes are simultaneous, and are 
performed cold. No material is wasted, as there are no 
pieces cut out. The finished sheets are from three to eight 
times as large as the original sheets of steel, according to 
the size of the meshes and the width of the strands. 

The grades of expanded metal which are in commercial 
use to-day vary from 3-inch mesh, cut from No. 27 B. W. G. 
steel, to a diamond mesh 5 x 12 inches, cut from No. 4 
gauge steel. The sheets are usually 8 feet in length, 
and the machines which do the cutting have to be slightly 
more than this in the clear between the housings. They 
are very heavily and substantially built, as it is necessary 
that they run with smoothness and accuracy, for the shear 
blades have to be adjusted with great care to make a clean 
cut. I show you on the screen the front of one of the ma- 
chines in the works of the Central Expanded Metal Com- 
pany, near Pittsburgh. The shaft of this machine is 8 
inches in diameter, although it is reinforced at two points 
in 9 feet by bearings upon the lower side of the heavy lintel 
which extends across from housing to housing. This will 
give an idea of the substantial construction which is neces- 
sary in order that these machines may do good work. The 
plate of steel to be cut is placed upon the table on which 
the workman is resting his left hand, and is then fed in by 
degrees under a clamping device which holds the sheet 
down solidly against the bed while the cutting is being 
done.. The original method of cutting expanded metal did 
not involve any stretching of fibers of the steel. The sheet 
was fed through the machine in a diagonal direction. The 
first stroke of the shear blades cut one mesh and pushed it 
down at right angles to the plane of the sheet of steel. The 
second stroke of the blades produced, in a similar manner, 
the next three meshes, while the third stroke produced five 
meshes. The distance between the housings of the ma- 
chine limited not only the length of the sheet, but also the 
breadth, and most of the old machines were unable to pro- 
duce a sheet more than 8 feet in length by 4 feet in 
breadth. The sheets of expanded metal were never quite 
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square, and the thickness of the steel which could be worked 


in this way was limited. Before placing the sheets of steel 
in the machine it was necessary to cut them to the exact 
size to give the desired sheets of expanded metal. 

In 1894 Mr. Golding invented and patented another 
method of cutting expanded metal, and this has proved far 
superior to his former invention, and of wider range. The 
sheets of steel are now fed through the machine in the 
direction of its shorter axis instead of diagonally, as in the 
old method. The shear blades, instead of being each set 


diagonally and in a different plane, now consist of a station- 


ary straight lower blade and a series of diamond-shaped 


blades in one vertical plane carried by the movable upper 


head of the machine. The distance between the points of 


adjacent blades determines the length of the greater axis 
of the meshes, while the shape of the blades and the stroke 


of the machine determine the width of the meshes. In 
changing the machine from one mesh to another, it is not 
necessary to change the lower blade, but merely to change 
the upper blades. 

We will suppose that it is desired to cut 3x6 tboties 
mesh expanded metal from a sheet of No. 10 steel. Ex- 
panded metal above No. 14 gauge is usually cut with an 
approximately square strand, or in other words, the width of 
the strand is about equal to the gauge of the steel. The 
sheet of steel is placed in the machine with its edge pro- 
jecting at the back 4 inch beyond the lower shear blade. 
The machine is started, and the movable head which car- 
ries the set of diamond-shaped shear blades comes down. 
upon the sheet. *The points of the row of upper blades, 


some sixteen in number, strike the top of the sheet of steel, 


and begin to shear it away from the rest of the plate, and 
at the same time to push downward in a vertical direction 
the strand so formed. The steel must be of the proper 
quality, as the elongation amounts to over Io per cent., the 
corresponding reduction being greater in the thickness than 


in the width of the strand in about the ratio of 1°16 to 
100, The upper knives are stopped in their downward — 
movement just before they have travelled far enough to 
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completely sever the strand from the original sheet. The 
strand is left connected with the sheet by a strip of solid 
steel, which is technically known as “the bridge.” The 
head is then raised and the plate is shifted laterally a dis- 
tance equal to one-half the long axis of the mesh which is 
being cut. It is then fed the width of one strand beyond 
the edge of the lower plate, and the machine is ready for a 
second stroke. When the head descends, the points of the 
upper blades strike upon the bridge, and begin the shear- 
ing process at that point. The manner in which the sheet 
of expanded metal grows in size is shown in the illustra- 
tion. 

After a sufficient number of strokes to form a sheet of 
expanded metal of the desired width, the feed of the sheet 
of steel in a horizontal direction is intermitted during one 
stroke of the head. The upper blades cut through the 
“ bridge ” on the same line as the shearing done during the 
preceding stroke, and as a result the expanded metal is 
entirely separated from the solid sheet of stock. 

When expanded metal is made by this improved process 
the sheets are exactly square, and the width of the sheet is 
only limited by the width of the original sheet of steel, or 
by the possibility of removing the sheets of expanded 
metal, which issue vertically downward from the back of 
the machine. It has been customary to build a pit behind 
the machine to get the necessary room, and it is not possi- 
ble, at the present time, to turn out sheets of more than 
about 8 feet in width by 9 feet in length, the latter dimen- 
sion being limited by the distance between the housings of 
the machine. It is evident that it would he possible, should 
occasion demand, to cut a 48-inch wide sheet of No. 10 steel 
into a single sheet of 3-inch mesh expanded metal about 32 
feet in width. 

Steel is the material generally employed, but it is equally 
possible to expand brass, aluminum, or other metals, and 
considerable of this has been done to meet special require- 
ments. The sheets of steel have to be annealed, pickled 
and treated in various ways during the process of conver- 
sion into expanded metal, but these processes are not inter- 
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esting in character, and we shall, therefore, not go into 
them in detail. 

It has been argued that the process of cutting must cause 
incipient cracks in the steel, which would greatly reduce its 
tensile strength, and an elaborate series of tests was made 
in 1897 at the Massachusetts Institute of Technology which 
showed conclusively that such is not the case. The test 
pieces were considerably reduced in area at the point of 
rupture, and the appearance of the fracture was normal. 
The uniformly satisfactory condition of the steel in ex- 
panded metal is, in great part, due to care in the selection 
and preparation of the stock, and the fact that the shear 
blades are kept in much better condition and more accur- 
ately adjusted than is usually the case with shearing ma- 
chines. 

It has been already stated that expanded metal is de- 
scribed commercially by giving the width or short axis of 
the diamond mesh and.the Birmingham gauge of the origi- 
nal sheet of steel. 

To describe the material exactly there should also be 
stated : 

(1) The angle formed by the long axis of the meshes and 
the strands of the expanded metal (usually about 12$°), 
which is determined by the shape of the upper shear blades; 
and, 

(2) The width of the strands (measured at right angles 
to the original thickness of the plate), which depends upon 
the “feed” of the machine, which can be varied within cer- 
tain limits. The feed is usually about one-tenth greater 
than the thickness of the plate. 

The weight of expanded metal proportioned as above 
can be found from the equation : 


W = 100 a (1) 


in which W is pounds per square foot. 
¢ thickness in inches corresponding to the gauge 
number. 
m \ength in inches of the meshes. 
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The constant 100 depends upon the angle of the meshes 
and the width of the strands. 

We will now consider some of the practical applications 
of expanded metal, which may be divided into the follow- 
ing groups: 


(1) Fireproofing of buildings. 
(2) Concrete structures. 

(3) Exterior of buildings. 

(4) Miscellaneous. 


(1) Fireproofing of Buildings.—The principal use of ex- 
panded metal at the present day is for the fireproof con- 
struction of buildings and as a “ binder” in concrete struc- 
tures of all kinds. The extent of this use is shown by the 
fact that over 9,000,000 square feet, or 200 acres, of various 
grades of expanded metal were used in the buildings of the 
Paris Exposition. This is greater than the area bounded 
by the Delaware and Schuylkill Rivers, Market and Sansom 
Streets. 

In the United States there is scarcely a prominent build- 
ing that has been completed during the last ten years in 
which there is not more or less expanded metal. It was 
first used in building construction as a substitute for wood 
lath ; it was secured by staples to each side of wood studs, 
and was found to give a much better support for plaster 
than had ever been obtained by the use of wood lath, This 
form of construction will resist the action of fire for a con- 
siderable time, but the next step was to do away with the 
wood studs by the substitution of some form of light steel 
bars, or rods. 

By properly forming these supporting members any de- 
sired architectural effects can be had and at comparatively 
slight expense. The groined and panelled ceilings in the 
Library of Congress, Washington ; Carnegie Library, Pitts- 
burgh; Free Library, Boston; City Hall, Philadelphia; and 
the new Masonic Temple, Boston, are a few examples. of 
this form of expanded metal construction. 

In this system there is nothing to shrink or warp, so that 
there can be no cracking of the finished surface, and the 
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perfect “key” of the plaster on the expanded metal lath is 
a guarantee that the plaster will never fall off and that the 
most elaborate decorations may be applied with entire con- 
fidence. 

About eight years ago it occurred to Mr. Golding that a 
partition could be built in which but one surface of lath 
would be used instead of two, as had been the custom, and 
the result was a “solid partition” 14 or 2 inches thick. 
The writer is free to confess that he did not believe these 
partitions would do more than support their own weight, 
until he had actually seen them in place. Light steel studs, 
usually of ? x $-inch channel section, are set up at distances 
of about 16 inches, and expanded metal lath is then secured 
by wire ties on one side of the studs. The lath is plastered 
from the front, and when the mortar has “set” another 
coat of plaster is placed upon the rough “keys” which 
form the back of the first coat. One or two more coats of 
plaster are added to each side of the partition, which can 
be given any desired finish. These partitions are not in- 
tended to carry any load, but are merely for the purpose of 
dividing rooms. They are proof against sound to a remark- 
able degree, and the most reasonable explanation of this 
property which has yet been offered is that the sound vibra- 
tions, entering one side of these partitions, are intercepted 
by the network of steel and carried off laterally to other 
parts of the structure and so dissipated, instead of being 
allowed to pass directly through the partition. They also 
resist fire wonderfully well, as shown at the Home Life In- 
surance Company Building, New York City, and the Merion 
Cricket Club fires a few years ago. 

About the year 1892 Mr. Golding made the experiment of 
embedding expanded metal in a concrete plate for flooring, 
and this invention has rapidly found its way into favor, the 
floors of some of the largest buildings in the United States 
having been constructed upon this system. It is really a 
modification of the Monier system, which was introduced 
in Europe in 1878, and by the use of which remarkable 
results have been attained in France and Germany. The 
principle involved is to place a sufficient amount of steel 
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wherever the structure is likely to be subject to tensile 
stresses, and to depend upon the concrete in compression 
only. The combination of steel and concrete in this way 
is an ideal one, as very light steel members can be used in 
most cases, and these are held firmly in place and protected 
by the concrete from corrosion, the steel in turn reinforcing 
the concrete against rupture under tension. 

By reason of its peculiar construction a sheet of expanded 
metal laid upon a flat surface will touch the latter at a few 
points only, and as a result of this property it is not neces- 
sary to offset a sheet of expanded metal before applying the 
concrete. On account of the ‘ease with which the sheets 
can be handled, and its greater power of “binding” the 
concrete, expanded metal is considered far superior to the 
straight Monier rods, which have to be laced together at 
the site. 

In the construction of expanded metal floors, cinder con- 
crete is generally used for two reasons; first, on account of 
its lightness; and second, on account of its excellent fire- 
resisting qualities. Cinder concrete has withstood, undam- 
aged, many severe fires, both in practice and in test. The 
reason of this is apparent when we consider that Portland 
cement is burned at a temperature of over 4,000° Fahren- 
heit, while the temperature of the furnaces from which 
anthracite boiler cinders are obtained is even higher. 

The roof of the new Mint Building in this city will be 
of expanded metal and cinder concrete, for the various 
departments of the United States Government have been 
prompt to appreciate the advantages of this system. It is 
possible to drive nails into the cinder concrete, so that slate 
or tiles can be secured directly to ‘the concrete without the 
use of wood, which is always liable to decay. 

(2) Concrete Structures —Expanded metal has come into 
favor with civil engineers as a “binder” for concrete foun- 
dations, walls, etc., and has been largely used by the Engi- 
neer Corps of the Army in fortifications and gun mounts. 

It has also been used, embedded in concrete plates carried 
by steel beams, to form the decks of bridges, and in con- 
crete arch bridges. The principle involved in all these con- 
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structions is the same as in the case of floors in buildings, ¢. ¢., 
to supply steel, in sufficient amount and the proper places, 
to resist all tensile stresses. A bridge 134 x 60 feet, which has 
just been built by the Erie Railroad over its tracks through 
East Newark, N. J., is an excellent example of the first type, 
while a number of county highway bridges have been built 
near Pittsburgh which illustrate both types. In the con- 
struction of a bridge at Sea Girt a considerable amount of 
money was saved recently by the substitution of vertical 
concrete plates, with embedded expanded metal, in place of 
masonry wing walls and abutments. 

Expanded metal has been used to a considerable extent 
in the construction of concrete sewers. Several years ago, 
in the case of a sewer in the Neponset Valley, near Boston, 
it was impossible without going above the grade line to 
secure sufficient filling on top of the sewer to prevent its 
bursting upward under the pressure of water from within. 
The Metropolitan Sewage Commission finally adopted a 
construction in which a sheet of expanded metal embedded 
in concrete was used to tie down the upper part of the 
sewer, which was of oval shape. This plan was entirely 
successful, and the engineer of the Boston sewers later on 
overcame a similar difficulty by the same method. 

Expanded metal has been used in the new sewer system 
of Worcester, Mass., and an illustration of it appears in the 
report of the engineer, which has just been published. In 
this city the Bell Telephone Company used expanded metal 
last winter in a sewer adjoining their large manhole at the 
Northeast corner of Seventeenth and Filbert Streets. It 
was desired to have the side of the sewer as thin as possible 
so that it would not occupy valuable space, but the west 
wall of the manhole rested directly upon the top of the 
sewer, and was liable to great loads from the street 
above. 

(3) Exteriors of Buildings—From the use of expanded 
metal lath for interior partitions, etc., it was natural to pass 
to exterior construction. A large house was built in Pitts- 
burgh in 1892, the outer walls of which consisted of a wood 
frame covered with expanded metal lath, plastered with 
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Portland cement mortar. This proved such an unqualified 
success that many buildings all over the United States 
have since been built on the same principle. Old dilapi- 
dated brick or frame buildings can be veneered and made 
to look like new structures, 

A recent instance of such a transformation is the Penn- 
sylvania Railroad Station at New Brunswick, N. J., which 
was partly frame and partly brick which had been painted 
sO many times that it would have been impossible to secure 
the adhesion of plaster. This station now presents a most 
attractive appearance. It is pebble-dashed all over so that 
néither brick nor weatherboards are visible, and no one 
would recognize the dilapidated structure of a year ago. 

The surface of such buildings can be finished in many 
different ways. They can be trowelled smooth in Portland 
cement and sand, or can be pebble-dashed. A more elabo- 
tate treatment will yield the effect of quarry-faced or ashler 
masonry, which can be given any tint to harmonize with the 
surroundings. 

In the construction of new buildings in which a greater 
degree of “ fire resistance ” is required, or which, to use the 
popular term, are to be “ fireproof,” the expanded metal in 
the exterior walls is carried on steel studs. The large build- 
ings of the Walker Bros. Soap Works, at Pittsburgh, have 
been subjected to raging fires both from within and with- 
out at different times, without injury. The construction 
can be either of the “solid” type or double, with an air 
space, where it is important that very little heat pass 
through the walls. 

(4) Miscellaneous Uses.—In addition to thousands of miles 
of fencing, a list of the many curious ways in which expanded 
metal is employed would include riffles for placer gold min- 
ing, bird cages, door mats, clothes lockers in manufacturing 
establishments, tree guards and brake shoes. 

The * Diamond S” brake shoe is made of cast iron, but 
before the molten metal is poured a bundle of expanded 
metal lath, cut to approximately the size of the brake shoe, 
is placed in the cavity in the sand, which is then filled in the 
usualmanner. The makers of this shoe claim forit not only 
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increased ability to hold the wheel, but also much greater 
life for the brake shoe without greater wear of the wheel. 

In conclusion, there seems to be no limit to the uses to 
which this material can be put, and it is another example of 
that ingenuity which bids fair to gain for the United States 
the commercial supremacy of the world. 


THE SIGNIFICANCE or CRYSTALLINE FORM.* 


By W. F. C. MORSELL. 

Matter —The endeavors to define matter at the present 
day are too many to count; but as they are confessed 
failures, the outcome is a forcible reminder that the real 
nature of matter is insoluble. We must be content to 
know that matter exists with tangible properties and uses. 
The existence of matter in the state of a subtle, undivided 
substance, extending throughout finite space and serving 
as a medium for the modes of motion manifested in energy, 
is axiomatic, self-evident and conclusive to scientific minds. 
This extended substance is the ether, supposed to be a con- 
tinuous, ungranulated state of matter, out of which the 
various chemical elements have been developed by the 
action of force. 

In contact with gross matter the sense of touch gives 
us a perception of mass as composed of particles, granu- 
lated with fine or coarse grains. Such matter becomes less 
appreciable to the senses as the particles or grains are more 
and more separated in space; but the various stages of 
separation are marked by recognizable properties and are 
known as states of matter, such as solid, liquid, vapor and 
gaseous. 

Theory of Gross Matter —A theory of gross matter in 
solid form is approachable by assuming a generalized, 
geometrical figure, such as the sphere, to represent a unit 
of mass. According to such a hypothesis, an elementary 
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chemical substance should be conceived as a group of 
spheres of uniform size and of a mass specific to that ele- 
ment. The liquid state can be represented in rolling con- 
tact and unstable equilibrium; the solid state, by spheres 
also in contact but in stable equilibrium. 

Having selected a suitable material (steel), let a sphere 
of unit volume stand for a particle of hydrogen; then the 
other elements may be represented by steel spheres whose 
cubic contents correspond with the atomic weights or 
volumes. This hypothesis of spherical units supplies 
stereo-chemistry with sets of units which can be arranged 
according to chemical formulas in such crystalline enve- 
lopes as belong to the formulas in nature. The units in 
such an envelope should be arranged in the order of their 
melting points, the highest melting point giving the core 
of the figure. This method of investigating form and 
structure by the close packing of spheres may be extended 
to vegetable and animal morphology and histology, since 
protoplasm differentiates into cells with spherical envelopes 
and these cells are assembled and arranged, during the pro- 
cess of growth, into configurations depending on the resolu- 
tion and composition of the forces at work. This program 
reduces all the phenomena of nature to the sway of the 
laws of motion. 

/nertia.—A normal experience of the sense of touch 
shows gross matter to be destitute of self-moving force and 
with a tendency to seek stable equilibrium in a zero of 
motion, which is known as rest, or repose. This is the 
primary sense of the adjective “inert "—destitute of power 
to move itself. It is a property of matter, depending on 
mass, that it resists change of position when at rest; and 
when in motion it resists change of direction and also 
requires a countervailing force to bring it again to rest. 
All calculations of energy consider rest as the zero of 
motion. Combining these notions, we arrive at the property 
of matter called “inertia,” the persistence of mass in any 
state imposed upon it by force. Matter, apart from force, 
thus remains in repose until the conquest of inertia by 
force. 
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Force the Cause of Energy.— Energy,” in its modern use, 
has been confounded with “Force.” Energy is best de- 
scribed as a mode of motion, ¢. g., heat, light and electricity 
are modes of motion differing only in wave length. It is 
self-evident that such modes of motion in a substance desti- 
tute of self-moving force can be set up only by the entrance 
of a cause sufficient to overcome the inertia of the mass with 
which the cause is dealing. To dispense with such an ini- 
tial conquest of inertia involves the necessity of stripping 
matter of its most distinctive property; however, if we 
revive Sir Isaac Newton’s definition of force, “that which 
produces motion or tends to produce it,” we can then make 
a rational statement as to the origin of modes of motion. 
Force ts the causeof energy. ‘This force, by definition, has no 
inertia, and, being devoid of the most distinctive property 
of matter as well as having the ability to overcome inertia, 
must be regarded as immaterial. 

Specific Stability —Matter passing from a liquid to a solid 
state seeks a position of stable equilibrium, and, if the solidi- 
fication takes place on a horizontal plane, a second plane is 
formed by accommodation as part of the surface of the new 
form. In proportion to the area of this new plane there will 
be a stability with its center in a line normal to the plane 
surface. When a chemical element solidifies under condi- 
tions favorable to crystallization it acquires an envelope of 
plane surfaces, and, if left free to seeka position of rest, it 
will show a center of stability in a line perpendicular to its 
largest plane face. This is a specific stability peculiar to 
every substance to which nature has assigned a specific 
geometrical envelope. The idea of a specific envelope in 
geometry is known to be a relation between a mass and its 
bounding surface; the cube has a surface larger relatively 
to the enclosed mass than any other figure; the sphere-has 
the smallest surface relative to its contents. Asina series of 
geometrical figures the number of plane faces increases, the 
faces diminish in area and the total envelope decreases in 
superficial area until the least surface is reached in the 
sphere. In such a series the stability varies inversely as 
the number of the faces, and directly as the area of the 
largest face. 
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To make the matter plainer, let us consider three crystals: 
acube, an octahedron and a quartzoid, or twin hexagonal 
pyramid. The square face of the cube evidently has a 
larger area than the triangular face of the octahedron, and 
the isosceles triangle of the hexagonal pyramid is again 
less than the equilateral area of the octahedron’s face. If 
these figures rest on a horizontal plane a greater amount of 
force is required to tilt the cube than to tilt the octahedron, 
and, again, the octahedron resists overturn more vigorously 
than the quartzoid. This specific stability is modified by 
the specific density of substances and the resistance to over- 
turn will equal the product of the area of the largest crystal- 
line face and the specific gravity of the material. 

Form and Internal Structure.—Crystals grow by the depo- 
sition of planes. These planes of growth become planes of 
cleavage, z. ¢., of least cohesion to such an extent that some 
crystals separate into laminz of thicknesses bearing appre- 
ciable relations to wave-lengths of light. So minute are 
the thicknesses that laminz of mica may be used to differ- 
entiate shades and tints of color in polarized light. 

To illustrate the effect of the laminz, recall the laminated 
wood used in making models of ships. Alternate layers, 
dark and light, are glued together, and when cut finely, pre- 
sent the ship-curves intersecting the planes of dark and 
light material. Suppose a loosely made model with the 
layers slightly separated instead of closely glued. Let the 
separation be sufficient to allow the water to move between 
the planes with the wash of the waves. Such a ship model, 
if it met a system of waves, must present planes of least 
resistance to which any transmitted waves would be accommo- 
dated by the compounding momentum of the water meet- 
ing the resistance of the planes of the model; the trans- 
mitted waves will then issue, following the lines and planes 
of least resistance imparted to them in their passage, and 
these vibrations reduced to one plane constitute plane pol- 
arized light. ; 

When any system of waves, heat, light or electricity 
enter a crystal, the vibrations are accommodated to the 
planes of least cohesion. The effect of lines of least and 
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greatest resistance at a right angle to each other is to 
divide a transmitted system of waves into two beams with 
their vibrations at a right angle to each other, and that 
beam which met the greater resistance shows the retarda- 
tion by its deviation from the original path of the ray, this 
division of the ray being characteristic of double-refracting 
crystals in which the axes are unequal. The figure of such 
crystals is elongated in one direction and shortened in 
another at a right angle, and the faces of such a crystal are 
usually diamond-shaped. 

A flexible square (see Figs. 15 and 16, Plate I), corded 
with string so as to divide it into smaller squares, when de- 
formed by stress into a diamond, separates the strings in 
one direction and crowds them together in a plane at a 
right angle with the direction of their separation. Such a 
model represents one of the laminz of a doubly-refracting 
crystal, and the pairs of acute and obtuse angles at the 
corners denote a strained condition of the interior arrange- 
ment of the particles in that face; now, as the whole crystal 
is built up of recurring laminz, the structure of which is 
similar, therefore the internal arrangement of particles 
must correspond in parallel planes to the structure indi- 
cated by the external faces, and, in diagonal planes, the 
structure must be the resultant of the intersecting planes; 
so that the form of the crystal is a true projection, in three 
dimensions, of the internal structure. 

Form and Stable Equilibrium.—The conditions of stable 
equilibrium for spheres in contact with planes composing 
the envelope of a cube may be studied experimentally in 
cubic shells made of thin sheets of cork and mica. The 
first three figures (Figs. 7, 2, 3) in Plate I show the three 
arrangements which can be made inside of a cube with 
steel spheres. Fig. 7 shows the closest packing ; it contains 
fourteen balls with the balls in contact on the diagonals of 
the face. This diagonal line represents the edge of a 
regular tetrahedron as a rational edge measured by the 
whole number, three. The middle ball is the apex of an 
octahedron composed of six balls. On the face of a large 
cube the square arrangement of the balls in contact would 
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show the squares set diamond-wise. The squares with 
edge lines parallel with the cubic edges show the balls not 
in contact. This position of the squares with open or 
closed edges is vital in relation to the number of spheres 
which can be contained within a cube of given size. 

Fig. 2 shows the arrangement of the spheres in squares 
with rational edges parallel to the cubic faces—the arrange- 
ment in all three planes being alike. The structure of such 
a cube shows the largest possible interspaces, and the 
arrangement of the structure is homogeneous in every direc- 
tion normal to the faces, but the balls are in maximum 
unstable equilibrium. 

Fig. 3 gives a packing in which the rows of balls in alter- 
nate layers rest in the hollows of the adjacent rows. The 
packing is in stable equilibrium with the smallest possible 
interspaces, but it will be seen that the face has dissimilar 
corners and the solid angles at two opposite diagonal cor- 
ners are truncated. The dimensions resulting from such 
packing are isometric normal to the faces and asymmetric 
along the diagonals joining pairs of solid angles measured 
through the cube. 

In Figs. 4 and 5, Plate I, adjoining faces of the same 
figure have been shown. fig. ¢ shows the closed square of 
balls with edges parallel to the cubic faces. The next layer 
shows nine balls, one in the hollow between every four of 
the face layer. This is stable equilibrium, but in Fig. 5 
the adjoining face shows a difference of arrangement and a 
loss of the cubic dimension between the vertical faces of 
the cube. This shows a closest packed arrangement which 
could never be isometric. 

In Figs. 6, 7, &, 9 the series of shapes alter in a way to be 
appreciated only by considering the packing of spheres in 
relation to a sequence of figure ranging from minimum 
density and maximum volume to minimum volume and 
maximum density. 

Form in Relation to™Density—An. assemblage of small 
spheres may be used for a concrete geometrical investiga- 
tion of the relative position of mass units referred to an 
envelope of plane surfaces such as constitutes a crystalline 
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figure. A set of bicycle balls of one size may serve the pur- 
pose, as these are exact spheres. 

On a level surface, a piece of felt, arrange four balls in 
contact bounded by a square. The interspaces are the 
largest possible for contact, and the balls are in unstable 
equilibrium; but if the boundary be changed to a diamond, 
the new position gives thesmallest possible interspaces and 
the balls are in stable equilibrium. One pair are in contact 
on the short diagonal, and on the long diagonal another pair 
are far apart; the lines of separation were at a right angle 
in the square, but are now oblique, and these are lines of 
greater and less resistance. One arrangément is more dense 
than the other. 

If a solid figure be built up of a set of spheres of uniform 
size, the planes parallel to rectangular faces in a cubic 
figure hold balls in unstable equilibrium, and the inter- 
spaces will be the largest possible for spheres in contact ; 
this is minimum density and maximum volume. Without 
walls this group will fall apart, but a practical model may 
be secured either by threading wooden balls on an elastic 
string, or, better, by making a hollow cube of cork and 
mica, with an edge measuring, say, three diameters on the 
interior, the shell thus obtained holding twenty-seven balls. 
See Figs. 6, 7, 8 and 9, Plate I. 

Now, let us suppose a series of figures, hollow shells of 
the same inside edge, to hold additional sets of balls of the 
same size and number as the cube. Let the second figure 
have two diamond faces, the third four, and the fourth six 
diamond faces, the obtuse angles of all the faces being 
120°. These hollow shells are now to be filled with the 
balls and then, on examination, it will be evident that the 
interspaces diminish in size and the density increases as the 
faces successively pass from squares to diamonds, until the 
last figure with six rhombic faces has maximum density and 
also a minimum volume, the surface having decreased in 
every succeeding figure. 

An example of the law of inverse squares may be found 
by comparing the line functions of the solid angles of the 
last figure of the series with the similar functions of initial 
change in the second figure. 
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The final figure with none but rhombic faces, which ex- 
hibits maximum density from one point of view, is hexa- 
gonal when assigned a place among the classes of crystals; 
but this figure may be analyzed into isometric elements, an 
octahedron and two tetrahedra. Itis probably more than a 
coincidence that the greatest specific gravities are to be 
found in crystals of isometric and hexagonal figures. 

Form as the Result of the Composition and Resolution of Forces. 
—In nature, where the transitions of growth pass from the 
curves of soft, plastic material to the straight line boun- 
daries of polygonal figures assembled in tissues, if the pres- 
stres are symmetrical the resultant lines are symmetrical. 
Fig. ro shows the collapse of a copper tube under pressure, 
forming a series of superposed equilateral triangles, and 
Fig. 11 is the same tube shown in a cross-section with the 
hexagonal plan resulting from the superposition of the 
equilateral triangles. A number of closely packed spheres 
would collapse into geometrical solids with plane faces. In 
Figs. 12, 13, 14 are shown the results of packing spheres in 
cylinders. Glasstubesare used. In Fig. 12 the balls form a 
wave line the amplitude of which depends on the diameter 
of the tube and the length of the undulation on the size of 
the spheres. In Fig. 137 the composition of two such wave 
lines is shown to be a double spiral. In Fig. 1g the com- 
position of several spirals is shown, forming a hollow tube 
like the stem of a vortex; the vortex may be experimentally 
shown by small spheres in a glass funnel. Two such fun- 
nels arranged end to end in dumb-bell fashion would rep- 
resent the axis of a sphere in which the surface particles 
flow in at one end and out at the other end. In microsco- 
pic cell-life the amoeba form floating in a liquid takes such 
a spherical shape with a flow along the axis in at one pole 
and out at the other; virtually this corresponds to the 
smoke ring conception of an atom, with a very small 
opening along the axis, in which the flow would be a vortex 
motion. Such an axis would give positive and negative 
poles to a spheroidal atom. 

Form and Chemical Composition —The numbers called 
“atomic” are now also recognized as “mass numbers” 


in chemical teaching. 
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Let it be assumed that the chemical elements have been 
derived from one substance, and that any element may be 
represented by a set of spheres, all of the same cubic con- ity 


PLATE I.—The close packing of spheres, illustrating form and structure 
resulting from the composition of forces. 


tents as the mass numbers assigned to that element as its 
atomic weight; then a stereo-chemical investigation is pos- 
sible by using a hollow crystal model such as nature has 
VoL. CL, No, goo. 29 
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assigned to a known chemical formula. Two or more sets 
of balls, differing as the atomic weights, may be selected by 
the aid of the proper formula and fitted experimentally into 
the crystal envelope. The problem must first be attacked 
as regards stable equilibrium according to the light afforded 
by the concrete geometrical series of figures beginning with 
the cube, previously described in this article. 

The order of the melting points will show the relative 
positions of the elements, the highest forming the core of 
the figure. It may be necessary to use a multiple of the 
atomic weight to solve the problem. 

The elements usually assume isometric forms which it is 
known can be built out of spheres of uniform size. Those 
instances in which elements are not isometric crystals can 
be met by supposing the spheres to have an elasticity 
specific to any one particular substance. These forms dif- 
fer by being larger or smaller submultiples of the volume 
of the cube as though cohesion is only able to hold together 
a specific number of mass units of a specified atomic 
weight. Every isometric crystal is a submultiple of the 
cube, by bevelments and truncations, which take place at 
submultiple segments of the edge lines of the cubic envelope. 
Nature thus gives geometrical multiples as well as multi- 
ples by weight. Zhe universe appears to be a vast concrete 
multiplication table. 

It is not possible to build the more distorted figures of 
crystals with spheres of one size, but they can be built 
with ellipsoids; so physicists have made a pet of this 
figure; and yet it suffices if the spheres be elastic; for in 
packing, such spheres may become ellipsoids: but the build- 
ing of the distorted shapes may be effected by using spheres 
of different size, and it is this fact which gives a hope of a 
rational method in stereo-chemistry. Whenever a new ele- 
ment enters a crystal, the angles are slightly altered, and 
this is exactly what occurs when a different size of spheres 
is combined with the uniform set in an isometric figure. 

Calcium Fluoride—Although the isometric figures are 
mainly elemental, there are exceptions. Calcium fluoride, 
although a compound, forms a cube. 
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The formula calls for 2 parts by weight of fluorine and 1 
part of calcium. The atomic weight of calcium is 40, and 
that of fluorine is 19. 

The core of a cube is a tetrahedron, and may be consid- 
ered as formed by the composition of four lines of attrac- 
tion, acting normally to the four faces of the tetrahedron. 
Four units of calcium, impelled by such forces, would re- 
solve into a position of stable equilibrium, representing a 
regular tetrahedron in its well-known position in a cube. 
The four corners of the cube remain to be filled with fluor- 
ine, which would be in a gaseous state at a temperature 
which would allow the calcium to become solid. Let the 
amount of fluorine (19 < 2 = 38) for one unit of calcium be 
represented by thirty-eight small spheres, one of which is 
equal to the hydrogen unit. This quantity is just sufficient 
to fill out the corner of the cube. 

Form and Attraction.—Instead of holding the spheres to- 
gether by the external compulsion of an envelope of tangent 
planes, a beautiful demonstration of figure as the result of 
the stable equilibrium of a set of uniform spheres may be 
had by using a magnetic field, which can be formed by 
placing a flat sheet of some thin substance over the poles of 
a strong horseshoe magnet. On the plane surface thus ob- 
tained three bicycle balls will arrange themselves in stable 
equilibrium in one plane, and if a fourth ball bé placed near 
and over the first three it will seek repose in the depression 
between the balls below it. 

Now reverse the magnet, and if the group of balls does 
not overtax the power of the magnet, the tetrahedron will 
preserve its figure as the result of the composition of forces 
in the magnetic field. Any group of spheres in a magnetic 
field resolving its forces symmetrically in three dimensions 
must assemble in a geometrical figure by the laws of attrac- 
tion. 

If two or three sets of bicycle balls be used to an extent 
of weight within the sustaining power of the magnet, 
figures with truncated corners and bevelled edges can be 
formed similar to the faces on natural crystals. 

Figs. rand 2in Plate II are the illustrations of a possible 
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formation of calcium fluoride in a cubic crystal. Fig. 7 
shows the effect of attraction in holding four particles of 
calcium on the poles of a horseshoe magnet. The trans. 
parent cube shows the position of the four particles in a 
cube forming the regular tetrahedron as the core of the 
cube and leaving the fourcornersvacant. Fig. 2 represents 
the amount of fluorine asa gas required to fill the vacant 
corner. The masses of lime and fluorine are calculated 
according to the atomic volumes, 7. ¢., the atomic weight 
divided by the density. 

. Fig. 3 shows a goniometer set at the measure of the 
acute angle of a face of Iceland spar (calcium carbonate) 
and in this angle it is experimentally demonstrated that 
the spheres representing calcium and carbon, calculated 
with a volume corresponding to the atomic weights as mass 
numbers, when arranged in stable equilibrium under attrac- 
tion on the face of the poles of a magnet, exactly fill the 
angle of the crystal in the plane of the face. 

Form and Cleavage.—When the Abbé Haiiy accidentally 
dropped a tray of crystais the breakage revealed that the 
small fragments were forms resembling the larger masses 
to which they belonged before their separation. From that 
time it has been a recognized truth that a crystal has 
cleavage planes of least cohesion by means of which it may 
be broken into smaller figures which are repetitions of the 
larger form. 

This figure is a definite shape specific for every substance, 
whether elementary or complex, depending on chemical 
affinity. Now it takes but one stepin generalization to 
carry us to the unavoidable conclusion that this theory of 
cleavage provides for the existence of a plane geometrical 
figure, a crystal of infinitesimal size, as the simplest con- 
ception of a unit of mass or a molar unit, the existence of 
which may be assumed as unquestionable even though it be 
invisible to the eye. 

To carry the analysis still further, a geometrical investi- 
gation can be made as to the relation of spheres packed in 
stable equilibrium and also as to the relation of sets of 
spheres to an envelope of plane faces such as form a geome- 
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trical shape. This investigation is capable of showing not 
only the relation of one set of spheres of uniform size to 
such an envelope:of tangent planes, but can be used also to 
examine the more complex cases where two or three sets of 


PLATE II.—Stereo-chemical models, with the spheres in multiple volumes 
representing atomic weights. 


spheres of different size may be packed together as in the 
case of a chemical compound. 

This relation of crystalline figure to cleavage and to a 
generalized spherical unit supplies education with a new 
set of models for teaching stereo-chemistry. 
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To resume what has been just said, the true chemical 
molar or molecular group, giving an envelope to the atoms, 
is an infinitesimal crystal as suggested by cleavage and the 
atoms may be conceived as small spheres assembled in 
stable equilibrium inside of a resulting geometrical figure 
the shape of which is the necessary result of the number 
and also of the relative size of the spheres. 

Form and the Unity of Nature.—It is well known that 
nearly all the chemical elements crystallize in the isometric 
or cubic form. These forms differ from the cube by bevel- 
ments on the edge and truncations at the corners which 
occur at submultiple points on the cubic edge. The figure 
thus outlined is always an exact submultiple of the volume 
of a cube, but of what cube is not known. The truth of 
such submultiple geometric volumes corresponds to the well- 
known relation of multiples by weight. This concrete 
multiplication table in both volume and weight could not 
exist unless the crystalline forms contained a common sub- 
stance, and the presence of a common substance shows the 
derivation of the chemical elements from some unit mother- 
substance underlying the universe. 

As chemical compounds have a volume which is the sum 
of the elemental volumes, the resultant crystal must also be 
a submultiple or multiple of the same cube to which the 
isometric forms are related. 

This view confirms the present kinetic theory of matter 
and seems to afford a valid proof of the unity of nature 
towards which the whole scientific world seems to tend 
under the guidance of recent discovery. 

Form and Planes of Symmetry.—lf a solid figure be cut 
through an edge line and along the diagonal of a face, so 
as to divide the solid into two parts of equal size, the parts 
will show two new faces made by the cut; both these fresh 
surfaces are the same in figure; they are called planes of 
symmetry. The two halves must weigh the same and may 
be alike in shape, but the shapes may also be unlike. If the 
half figures correspond both in shape and weight then the 
new dividing plane surfaces are figures representing a plane 
of symmetry both of figure and of volume in the original 
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solid. If the half figures be dissimilar in figure but alike 
in weight the dividing plane is said to be only a plane of 
symmetry of volume and not of symmetry of figure. Some 
crystals have no planes of symmetry of figure, but all crys- 
tals have planes of symmetry of volume. 

Make a diagram of such a plane and examine the devia- 
tions from 90° by dropping perpendiculars on convenient 
lines, either vertical co-ordinate, a side or a bissectrix of an 
angle. Examine the lines to see if any intersecting points 
divide the lines into submultiple segments. 

In the plane of symmetry of the regular tetrahedron the 
deviation from go° is 19° 28’ 44”, and the sine is °3333333 
or 4, which is the tangent of the angle 18° 26’ 4’’, which 
belongs to the field of symmetry of another class of figures 
known in crystallography as orthorhombic. Angles which 
are not submultiples of the circle, but whose lines are sub- 
multiples of the radius, belong to the planes of symmetry 
of volume of geometrical solids, especially of crystalline 
shapes, but these submultiple segments of the radius may 
also belong to angles which are submultiples of the circle. 

We may call this system of angles sequence angles be- 
cause they connect classes of solid geometrical figures. 

Sequence of Figure.—In space of three dimensions there 
are three degrees of freedom. Suppose nine balls in con- 
tact, surrounded by a square boundary, making one plane 
inacube. To complete the cube, two more similar squares 
are needed; then these squares may be so placed, one above 
another, as to show the freedom in every plane and by 
successively shifting the squares two degrees may be de- 
stroyed, one degree by a shift to the right, another degree 
by a shift at a right angle to the first, the balls being in 
stable equilibrium in those planes where the balls of an 
upper square rest in the hollows between the rows of balls 
in the lower square. The third degree of freedom can only 
be destroyed by at last changing the square boundaries so 
that the hollows and crests of the rows coincide. The shift 
in all these changes is measured by a half diameter and 
irresistibly reminds one of the theory of half-wave interfer- 
ence in light. Stable equilibrium is reached by a series of 
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internal half-wave shifts which reduce the interspaces be- 
tween the balls to the least possible size. Notice that, as 
the interspaces diminish, the series of figures pass from 
transparency to opaqueness. Here we have a sequence of 
figure related to density, stable equilibrium and perme- 
ability. 

The cube, as the symbol of three-dimensioned space, has 
all of its faces normal to one another, and may be regarded 
as a graphic representation of free equilibrium in a fluid or 
liquid state from which crystals are formed. 

Moreover, the axes of the cube are not only rectangular, 
bat they are equal, so that they serve admirably to repre- 
sent not only a primary class of crystals, but also their homo- 
geneous structure; since if any figure has unequal axes, or 
the axes are inclined, in the plane of the extended axis 
or oblique axis there is a corresponding disturbance of the 
particles by strain or displacement. It is possible to 
analyze the cube into a series of figures with rational axes 
corresponding to the six types of crystals. 

The axes of the sequence of crystalline figure are as fol- 


lows : 


In this scheme the monoclinic and triclinic are derived 
from the orthorhombic by a transposition of parts. These 
type figures are all exact submultiple volumes of the cube 
and conform to the law of multiple volumes by weight. In 
nature there is a sequence by which one class of figures 
may pass into another class of more heterogeneous struc- 

| ture. This sequence is accomplished by the dimorphisin 

3 of carbon, sulphur, selenium, carbonate of lime and the feld- 

| spar group. For example, the orthorhombic passes into 
; monoclinic and the monoclinic into the triclinic class. 

Form and Graphiws.—By graphic design the composition 
and resolution of forces are represented by a diagram in 


Dec., 1900. | Significance of Crystalline Form. 457 


which both the direction of the forces and their relative 
magnitude correspond to the length and direction of the 
lines. These lines are limited to the plane of the diagram, 
but the outlines of a crystal, being in three-dimensioned 
space, have a greatly increased power of delineating com- 
plex action. It is known that in all crystal figures edge 
lines are harder than the faces; again, the apex of a solid 
angle is harder than an edge line. A concrete composition 
of forces takes place in these lines and points, and a skele- 
ton model of any crystal is a configuration of its forces, a 
diagram of configuration in three-dimensioned space. The 
short lines between obtuse angles are measures of least re- 
sistance, and the longer lines between acute angles are mea- 
sures of greatest resistance. Acrystalline figure is nature’s 
edition of the graphics of physical force. 

Potential Energy.—Potential energy is the energy of a 
particle due to its position. This is taken advantage of in 
modern machine-tools in constructing cutting edges. The 
figure of a crystal in a state of revolution suggests simi- 
larity toa cutter. If the planes of a cube, meeting in a tri- 
hedral solid angle, are successively presented to an emery 
wheel with a narrow face, the wheel is dressed while it cuts, 
and the intersection of the resultant curves makes a drill- 
point unrivalled for boring, without splitting, a cross-section 
of wood. The particles in a crystalline figure have poten- 
tial energy by natural assignment to the face, the edge line 
or the apex of a solid angle. All statements of the hard- 
ness of minerals are made in terms of the potential energy of 
a diamond point. 

Form and Environment.—The nearest approach to crystal- 
lization without environment is the formation of a snow 
crystal in the upper atmosphere. Such crystals exhibit a 
freedom of development when not interfered with by limit- 
ing conditions, by accomplishing the lawful end of their or- 
ganizing force, perfect symmetry. Every snow crystal is an 
approximately complete geometrical design of exquisite 
beauty. 

When the same material crystallizes in contact with the 
windows and sidewalks, some examples retain the angles of 
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the hexagonal system in the inclination of the rays to a cen- 
tral stem; again, all straight lines vanish and fern-like 
curves take their place, so that the frost crystal presents a 
vegetative pattern. 
‘The glory of the celestial is one, and the glory of the terrestrial 
is another.”’ 

The failure of symmetry is evidently due to environment. 
It appears to be an example of molecular coalescence with- 
out the agency of colloids. This molecular coalescence, 
that accommodation of crystalline material by which the 
crystal surrenders its normal figure to enter into the shells 
and bones of animals, has been induced by microscopists, 
the mere location of a salt in a colloid solution being suffi- 
cient to show the conformity of the crystallization to its 
environment. The susceptibility of the crystal to its envi- 
ronment continues through all the stages of its growth. 
There is a continuous action and reaction between the crys- 
tal and its surroundings, usually registered in zones. 

The formation of a crystal is a dynamic development 
governed by mathematical law, realizing perfect symmetry 
in proportion to the non-interference of “natural selection,” 
which is a negative influence and can never be recognized 
again as the chief factor in evolution. A program of “dy- 
namic” development reaching to the limits of the physical 
universe underlies all environment and is winning a pro- 
gressive triumph for the survival of the best. 

It is strange that this system of dynamic development, de- 
pendent on the laws of motion and the composition of forces, 
has been missed by the acute investigators who have ad- 
vocated the well-nigh exclusive influence of environment. 
They have done nobly with their partial truth, but the ne- 
glect of the data supplied by crystallization has deprived 
them of the fundamental law of nature, which strives after 
the realization of perfect symmetry and suffers its loss 
temporarily to serve, not hopelessly, but with patience and 
humility, under the yoke of accommodation to environment; 
“the ethics of the dust” manifestly seeking after perfection 
at the cost of sacrifice, which wise men, in all ages, know 
to be the true law of progress. It is well to close with a 
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definition of dynamic development, namely: The mode of 
the manifestation of force is a development in which form 
and structure are the results of the composition and resolu- 
tion of the forces of growth, tending to produce perfect 
symmetry, and progress towards this symmetry is the meas. 
ure of the subordination of environment to the laws of 
motion, 


ADDENDA, 


form and Stable Equilibrium.—Much attention is being 
paid by English students to the problems of stable equili- 
brium represented by assembling spheres in the closest pos- 
sible packing. It may or may not be the case that atoms 
are in contact, but the atoms are supposed to occupy an 
average position in relation to one another capable of 
representation by an assemblage of spheres at the centers 
of which the atoms may be situated and even in a kinetic 
equilibrium the phenomena may be experimentally investi- 
gated by the relations existing among a group of spheres 
with a geometrical envelope of plane faces enclosing them. 

In a cubic envelope the balls may be packed in three dif- 
ferent ways, which can be best understood by inspecting the 
models as represented in the illustrations which have been 
prepared from photographs. 

In the Fig. 4, Plate I, the empty cubic space was packed 
with four balls in a row in the closest square order possible 
and the second plane of balls was packed in the hoilows of 
the lower first row with the result that the adjoining faces 
present show a different distribution of the balls in planes 
at a right angle with the face that was first laid in position. 
This arrangement could not result in a cube, for in a cube 
the face with a four-square of balls does not allow the balls 
to be in contact, but gives an open square. 

A good illustration of dilatancy by heating may be had 
by regarding the heat as acting first on the outer layer, 
which in the act of expansion could no longer have its balls 
fit exactly in the same hollows which they fitted exactly 
before the heating. 

Note that if a difference of dimension occurs in such 
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packing the difference of one line from another is neces- 
sarily a half-diameter for the displacement that allows one 
row of balls to occupy the hollows of the next row beneath. 
This suggests a reason for the rational or multiple relation 
in the axes. Dimension measures must show a difference 
like the displacement of crystals. 


Note.—Figs. 75 and 76, Plate I. The model of an elastic square is used to 
illustrate the structure of a single lamina in a crystal. The lines parallel to 
the side are unelastic cords which undergo no alteration in length when the 
square is deformed under stress, the only alteration being in the shape of the 
area included between the lines. The effect of the stress is a strain in the 
direction of the long diameter of the resulting rhombus and the lines in this 
diagonal are made of elastic material. When the model is changed under 
stress there are two unequal elasticities present represented by the short and 
long diagonals at a right angle with each other. 

Note.—Figs. g and 5, Plate II. In the two models of the structure of 
a snow-crystal, the triangle represents the hexagonal element as the accepted 
formula suggests in which a molecule of water contains one oxygen atom 
with two atoms of hydrogen, the steel ball standing for oxygen weighing 
sixteen of the unit balls, one of which represents hydrogen. The hexagonal 
model has two balls for the oxygen, each ball weighing eight of the hydro- 
gen balls. In this case the balls are exact geometrical multiples, as the 
smaller has a diameter just one-half the diameter of the larger, the sphere 
following the cubic ratio in which a cube of half the edge of another has one- 
eighth of its contents. The sphere which equals t vice eight involves the 
celebrated problem of the duplication of the cube. 


Mining and Metallurgical Section. 
Stated Meeting, held Wednesday, October 10, 1900. 
THE CHEMISTRY anp PHYSICS or CAST IRON. 


Being a continuation of the discussion of Mr. KREUZPOINTNER’S paper 


entitled ‘‘Rrppi.Es WROUGHT IN IRON AND STEEL.”’ See /ournal of the 
Franklin Institute, May, 1900. 


MR. KREUZPOINTNER :—The extended discussion of my 
paper, “Riddles Wrought in Iron and Steel,” shows a very 
gratifying interest by the engineer in applied metallurgy. 
If the discussion has drifted to that coy and intricate 
subject—cast iron—I am not surprised, since cast iron is a 
metal presenting many riddles for solution by the inves- 
tigator. 
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It must be a satisfaction to our foundrymen to see so 
much interest manifested in cast iron, of which it was pre- 
dicted that it would soon give way to steel. However, from 
all appearances the iron founder will live to a good old age, 
and the increasing liveliness of discussions and investiga- 
tions of the properties and qualities of his product should 
encourage the foundryman to renewed energy in the obser- 
vation and study of the peculiarities of cast iron. 

It is by no means an unalloyed joy to discuss so compli- 
cated an alloy as cast iron, and not being a practical foun- 
dryman, my remarks can only be fragmentary and tentative. 

In the examination of the qualities of cast iron we do not 
have the advantage, as we have it in steel, of being able to 
trace the causes of good or bad qualities back to their origin 
along the line of results of work from the ingot, along the 
heating, hammering or rolling. Cast iron remains in its 
primary condition as it comes from the mould, and the 
founder's skill and judgment are the principal factors in 
determining the value of his product. 

Hence the duty devolves upon the foundryman to join 
hands with the scientist in order to increase our knowledge 
and advance his interests. 

For the purpose of investigating the nature of cast iron 
our knowledge of steel helps us but little. 

Structural steel is so far removed from its primary condi- 
tion of the cast ingot, and even in its primary condition dif- 
fers in its nature from cast iron so considerably, that a com- 
parison is quite out of question. 

Cast iron isa heterogeneous mixture of a numberof chemi- 
cal elements without any modification of the conditions in 
which they exist, by mechanical treatment, as in steel. 

In cast iron we are not justified in making one factor 
responsible for certain qualities. 

For instance, if an iron is weak, it is not necessarily weak 
because of an excess of graphite. 

To make the graphite alone responsible would be like 
jumping at conclusions. To say that too much combined 
carbon makes cast iron useless would be a denial of the 
every-day fact that cast iron with high percentages of car- 
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bon, a minimum of which may be combined or graphitic, 
will be of exceeding usefulness to the engineer for speci- 
fied purposes with all degrees of combinations between 
maximum and minimum percentages. 

The excellent and timely work of the American Foundry- 
men’s Committee on Standardizing the Testing of Cast Iron, 
with such eminent foundrymen as West and Moldenke as 
guiding minds, has advanced far enough to show us in what 
direction we might proceed in the future in a systematic 
inquiry of those peculiarities in cast iron which are still 
riddles to us, waiting to be solved in our technical colleges 
and by the members of this section. 

The form or forms which the chemical elements in cast 
iron seem to assume during the last stages of solidification 
of the iron seem to have more influence on its final quality 
than the total percentage of this or that element. 

Jueptner von Johrnsdorf hints on the appearance of car- 
bon in five or six different forms in iron, and chemists tell 
us that other elements may, and do, assume two different 
forms. Hence, as long as we do not know with at least 
approximate definiteness under what conditions these 
various forms of the carbon and other elements are produced 
and found in the every-day product of the foundry, and what 
relation these various forms assume to each other, and what 
influence they exert on the physical qualities of the result- 
ing casting, it would seem as if it would require the earnest 
co-operation of the practical founder and scientist to find a 
way out of these difficulties. 

Our knowledge of cast iron will remain fragmentary until 
the scientist can tell the foundryman with what mixture, 
molten and poured at such and such a temperature, the 
various elements are in their most favorable relation to one 
another, producing best results. And even if we should ever 
attain to such a desirable degree of knowledge, much of the 
success in a foundry will ever depend on the individual skill 
and good judgment of the founder. 

It is probably due to the successive modification of the 
elements and consequent reaction upon each other which 
gives us a good casting when, by analogy, if we con- 
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sider each element present only in one form, we should 
expect a bad or inferior casting. 

Let us look for a moment at a few of the results of the 
Foundrymen’s Committee on Tests. 

Cast A.—Ingot Mould Iron, soft Bessemer mixture. 
The total carbon is 3°87 per cent.; graphite, 3°44 per cent.; 
leaving only *43 per cent. combined carbon. The t-inch 
square test bar, green sand, had an average transverse 
strength of 2,015 pounds, with a deflection of ‘127 inch. 
The 4-inch square test bar, green sand, gave a transverse 
strength of 90,000 pounds, with a deflection of ‘ogi inch. 

Cast B.—Dynamo Frame Iron. Total carbon, 3°82 per 
cent.; graphite, 3°23 per cent., leaving *59 per cent. combined 
carbon. The 1-inch square test bar, green sand, gave a 
transverse strength of 2,360 pounds, with *120 inch deflec- 
tion. The 4-inch square test bar, green sand, gave a trans- 
verse strength of over 100,000 pounds, with a deflection of 
"055 inch at 100,000 pounds. 

In both these cases we have an excess of graphitic car- 
bon, and since graphite itself is of low strength, we might 
conclude, from a purely theoretical standpoint, that such 
iron is worthless. Yet it is considered good enough for 
dynamo frames. 

If we go to the other extreme we have: 

Cast D.—Chilled Roll Iron. Total carbon, 2°36 per cent., 
of which only ‘06 is graphitic. 

The t-inch square test bar, green sand, gave a transverse 
strength of 2,810 pounds, with a deflection of ‘270 inch, 
while the 4-inch square bar, green sand, gave a transverse 
strength of 174,460 pounds, with ‘140 inch deflection. 

Cast E.—Sand Roll Iron. Total carbon, 3°04 per cent., 
with no graphite. The 1-inch square test bar, green sand, 
gave a transverse strength of 3,070 pounds, with a deflec- 
tion of ‘218 inch. The 4-inch square bar, green sand, 
gave a transverse strength of 168,640 pounds, with a deflec- 
tion of ‘140 inch. 

Here again, according to theory, we might expect such 
excessive hardness and brittleness as to make the iron 
practically useless. In all four cases the deflection shows 
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the important influence of size of casting on the final 
quality of the metal. May we not surmise that, in these 
very carefully planned and equally carefully executed casts, 
the carbon and all the other elements were distributed 
through the mass of the iron uniformly in such variously 
modified forms as to support, rather than weaken, one 
another, and thus, together, helped to produce satisfactory 
results? If we could extend our search in that direction 
we might be able to find a satisfactory explanation for at 
least some of the perplexities which vex the foundryman’s 
life. 

‘There is another important factor determining the 
quality of cast iron which deserves our closest attention 
and the consideration of the foundryman. This is the 
phenomenon of segregation, of a dissociation of the chemi- 
cal elements from one another when the fluid iron leaves 
the cupola or furnace, running through all stages of cooling 
of the metal. 

In steel the effects of this tendency of the elements to 
segregate are more or less modified by the subsequent heat- 
ing and rolling of the ingot. 

In castings these modifying influences and agencies do 
not come into play, and the effects of segregation remain 
in full force. Other things being equal, segregation is the 
result of an excess in the iron of one or another, or several, 
of the chemical elements, and of the temperature of melt- 
ing and the rate of cooling. 

Segregation will begin with the first cooling after the 
fluid metal has reached the highest degree of melting heat 
and will continue, for all we know, through all degrees of 
cooling to the last stage of solidification of the casting. 
If the three necessary conditions of segregation are com- 
bined under favorable circumstances, the result may be the 
formation of the characteristic pine-needle crystals of iron, 
but more generally its results are a difference in structure 
in different parts of a casting, if the casting was large 
enough, with a consequent difference of quality in different 
parts and internal strains. 

As far back as 1830, Rudberg in Germany, and, in 1834, 
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Fournet in France, found that a fluid solution of two 
metals may separate into two distinct bodies, each with a 
different melting point. It has been observed that with 
certain metallic solutions the variations in the melting and 
cooling points of the different constituents may result in a 
true chemical combination of a portion of the fluid until 
the saturation point is reached in that particular portion. 

The rest of the constituents, being in excess of the 
necessary quantity to form a true chemical combination, 
will form a mechanical mixture. These two bodies, or por- 
tions, will then solidify into one mass, but each with a dif- 
ferent melting point, rate of cooling and physical qualities. 

According to Roberts-Austen and Jueptner von Johrns- 
dorf, the true chemical combination and point of saturation 
in iron is reached with 95°7 per cent. iron and 4°3 per cent. 
of carbon, with a melting point of 1,130° Celsius, while the 
melting point of pure iron is given by Osmond as 1,530° 
Celsius. 

According to high authority,* a minimum of tempera- 
ture controls the melting and solidification of a given 
proportion of a mixture of elements. If a liquid mixture 
containing a given proportion of elements is cooled at the 
minimum temperature, or freezing point, agreeable to each 
element, then all the parts of a mixture will solidify uni- 
formly at that temperature and no segregation would take 
place. 

If, however, the mixture is composed of proportions of 
elements not solidifying uniformly at a minimum tempera- 
ture, then thesurplus or excess of these elements will solidify 
at a temperature higher than the given minimum. 

If, then, we have a mixture of varying proportions of 
elements which do not all solidify at one temperature, we 
may expect as a result a series of formations of groups of 
elements as we go down in the scale of temperatures from 
the highest degree of melting point to the point of complete 
solidification, and the last of these groups will determine 
the practical value of the product. 


*See Lehman, ‘‘ Molecular Physics,”’ p. 740. 
VoL. CL. No. goo. 
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Thus we can readily perceive the almost endless com- 
plexity of conditions arising in a cooling mass of cast iron, 
especially if the mass be large and hot, with ample time for 
play among the elements to produce partial or complete 
absorption, saturation, equalization, segregation, exchange 
and interchange among the various elements, according to 
their affinity, the law of crystallization, degree of heat of 
melting and rate of cooling, until the last group of elements, 
the mother metal, or so-called eutectic, is formed and the 
mass is completely solidified in every part. 

These considerations seem to lead to the conclusion that 
it is somewhat hazardous to attempt to squeeze the practi- 
cal work of mixing, melting, casting and testing of cast iron 
into the straight-jacket of cast iron rules and formulas until 
we know more of the causes and conditions which produce 
these complex phenomena. Meanwhile, and probably for a 
good while to come, we will have to trust to the practical 
skill, experience and sound judgment of our colleague, the 
foundryman. 

Mr. A. E. OUTERBRIDGE :—Responding to the call of the 
President of the Section, I would say that I have little to 
add to my remarks made during the first discussion of Mr. 
Kreuzpointner’s paper. It may be well, however, to revert, 
fora moment, to the queries propounded by Professor Howe 
and my replies thereto by way of further explanation. 

Professor Howe has approached the subject of cast iron 
from the standpoint of an expert in steel; my experience, 
on the other hand, during the past twenty years, has been 
confined almost entirely to cast iron. Hence the wide diver- 
gence of our views regarding the value of carbon as a con- 
stituent of cast iron. Applying his knowledge that “steel 
reaches its greatest tenacity with about 1 per cent. of car- 
bon” to the complex combination of iron, carbon, silicon, 
manganese, phosphorus and sulphur (not to mention traces 
of other elements) commonly classed as cast iron, the Pro- 
fessor propounds an interesting and novel proposition, viz.: 
“If we apply this to cast iron, then the metallic part reaches 
its greatest strength with 1 per cent. (of carbon), z.¢., all 
combined carbon in the cast iron as a whole in excess of 1 
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per cent. is a source of weakness. It is also a source of 
brittleness and hardness. All graphite causes weakness 
and probably brittleness. * * * In short, all carbon in 
excess of 1 per cent., whether combined or graphitic, weakens 
the metal.” 

In my reply I have taken an opposite view because I do 
not consider that steel and cast iron are comparable with 
each other, at least with respect to the part that carbon 
(whether combined or graphitic) plays in imparting strength 
or weakness to the metal. In the case of steel all of the 
carbon is combined with the iron, while in cast iron carbon 
may be all graphitic, as in the softest grades, all combined, 
as in “chilled” or white iron, or part graphitic and part 
combined, as in strong gray cast iron. 

The physical properties of steel and cast iron are as 
distinct as though the two metals were composed of entirely 
different elements, like gold and silver; and while it may 
be true that there is no sharp line of demarcation between 
cast iron and steel, the two metals, as commonly known and 
used, are radically different both in the solid and in the fluid 
state. For example, we cannot forge or weld cast iron; so, 
also, we cannot produce two entirely different qualities in 
different parts of one steel casting, by varying the rate of 
cooling from the fluid state, as in the case of a chilled cast- 
iron car wheel, where the “tread” is white iron, hard as 
steel, and the “plate” is gray, soft and comparatively ductile. 

It should be understood in my former statement, viz., 
“T believe that the strongest and most ductile cast iron is 
that which contains a maximum of carbon (about one-half 
combined and one-half graphitic) and a minimum of all 
other elements except iron,” that I did not mean to imply 
that it is practicable to obtain such metal as this from any 
blast furnace. I was merely discussing an ideal condition. 

In point of fact, cast iron containing a maximum of car- 
bon has usually a very small amount of that element in the 
combined form; the metal is, of course, soft and ductile, 
and has, therefore, comparatively little strength. 

There are some reasons for believing that when cast iron 
is in the molten state nearly all of the carbon is in combi- 
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nation with the iron, but, on solidifying, the carbon sepa- 
rates either partly or wholly into the graphitic form; the 
more slowly the metal cools, the more complete is this sepa- 
ration. Practical advantage may be taken of this knowledge 
to make castings of large dimensions having much greater 
strength and ductility than could otherwise be obtained. If 
a large casting having thick section be poured from iron 
which shows good tensile and transverse strength in a test 
bar of, say, 4 inch, 1 inch, or even 14-inch section, the metal 
in the casting will be of very different quality from the test 
bars. The grain will be “open” and the metal will be weak. 

If, however, the composition of the charge in the cupola 
be such that the small test bars are white or mottled and, of 
course, brittle (because nearly all of the carbon is captured 
in the combined form, owing to the quick cooling), the 
metal in the large casting will be strong, comparatively fine 
grained and perfectly gray, due to the separation of carbon 
during the prolonged process of cooling. 

The skill of the metallurgist, with the co-operation of an 
intelligent foundry foreman, can in this way secure, day by 
day with reasonable certainty, the production of castings 
having the qualities of strength, ductility, rigidity, hardness, 
or softness, as may be required, not only without increasing 
the cost of the materials, but, in many instances, with con- 
siderable economy. The most expensive grades and brands 
of pig iron are not necessarily the best for all kinds of work. 

I regard the temperature of pouring cast iron as a very 
important feature in obtaining good, strong castings. You 
may pour from one ladle two castings of the same size 
and form, one at the proper temperature, the other may 
be too hot or too dull. In either event you will have two 
castings of different qualities, although the chemical com- 
position of the metal may be the same. 

Apropos of this, I will briefly mention an interesting 
investigation made in 1879 by Dr. Dudley, chemist of the 
Pennsylvania Railroad Company, the facts relating to which 
I found recently in reviewing my note books for the year 
1881. 

Ten old car wheels were selected for investigation, five 
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of which had failed after running an average of 24,349 miles 
each ; the other five wheels had an average record of 122,463 
miles in service. Drillings were taken from the five good 
wheels and also from the five poor wheels and analyzed with 
the following results: 
AVERAGE CHEMICAL COMPOSITION. 
Carbon. Phosphorus. Silicon. Manganese. Sulphur. 

5 good wheels . . 3°242 0°403 0°776 0°391 0'083 

5 poor wheels . 3°306 0°396 o’714 0°449 

The difference in chemical composition is scarcely more 
than might be looked for in analyses made from drillings 
taken from different parts of one wheel, and seem to indicate 
that the great difference in wearing quality was due to 
causes other than variations in chemical composition of the 
metal in the good and bad wheels. The relative proportion 
of combined and graphitic carbon is not given in these 
reports, but I believe that in the gray iron plate of a car 
wheel nearly one-third of the carbon is in combination with 
the iron and two-thirds in the graphitic form. 

There appears to be a “critical temperature ” for pouring 
cast iron in order to secure the best results, and it is, there- 
fore, desirable that some portable, inexpensive, and fairly 
accurate instrument should be devised for reading, at a 
glance, the temperature of molten iron. Some years ago, an 
optical pyrometer, made in France, was brought out for this 
purpose, but so far as I am informed it has not proved en- 
tirely satisfactory, and I should be glad to know whether 
any members present have had practical experience in the 
use of pyrometers for determining the temperature of mol- 
ten metals in their daily work. 

In conclusion, I may say that I consider Mr. Webster's 
“Note on a Proposed Scheme for the Study of the Physics 
of Cast Iron,” published in 1895, so comprehensive that I 
am unable to add any important suggestions thereto. 

Mr. ASA W. WHITNEY:—As the breaking loads and de- 
flections of the bars quoted by Mr. Kreuzpointner do not 
give a very good idea of the effects of composition and of 
rates of cooling (due to ratio of perimeter to area of cross- 
section *), I have reduced the figures to the more com- 
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parable ones of modulus of rupture and average modulus 
of elasticity. 


MODULUS OF RUPTURE. 

Cast Bar. | Modulus of _ 

For Exact Elasticity. A 

Dimensions. 

1” square. 36,270 6,870,000 4 

25,312 1,655,000 I 
1” 42,475 8,510,c00 4 
{ 1" 50,580 44,125 4,510,000 4 
| 4” 49,065 49,065 2,070,000 I 
55,250 51,567 6,050,000 4 
47.430 43,515 | 2,000,000 


F.L, 


In Trans. of Am. Inst. of Mining Engineers, March, 1895, 
there is a report of some of my experience with the pyrom- 
eter referred to by Mr. Outerbridge. Continued use tires 
the eye, which must be treated as part of the instrument 
and protected from glare of iron and occasionally standard- 
ized. 

I would protest against the considerable amount of 
expense and study wasted on average analyses in cases 
such as that quoted by Mr. Outerbridge. 

Note the date when chemical work was not so freely ap- 
plied to cast iron as now. It is not likely that Dr. Dudley 
would now, after twenty-one years’ further experience, use 
average analyses in such an investigation, except possibly 
where it was known that the five wheels averaged were 
cast under similar conditions and from the same cupola tap 
of one heat. If the wheels or any other scrap or pig iron is 
to be broken and mixed for use as melting stock, an aver- 
age analysis is, of course, entirely proper. But as an argu- 
ment for the importance of the pouring temperature or the 
insufficiency of the complete analysis of castings such com- 
parisons are as defective as the belief that a fixed propor- 
tion of the total carbon is graphitic in the plate of good 
standard car wheels. That depends upon the sort of good 
composition employed. 
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- As indicating roughly how the significance of the chem- 
istry of these various good and bad wheels is, as usual, 
almost obliterated by the averaging of each lot, a rough 
formula, which can be improved, gives, when applied to the 
averaged analyses quoted, figures in the ratio of 100 to 96 for 
the good and poor lots respectively. If applied to the identi- 
cal composition of each wheel, greater variations, like the fol- 
lowing, would probably appear. The analyses tested below 
by formula occur in a paper by an inspector of the C., B. 
& Q. R. R.,* and indicate that my formula is worth 
improving and that analyses are too individual to. be aver- 


aged until reduced to other terms. 
Relative Figure. 


Wheels that failed in thermal test ..... - + « 78°95 to 82°50 
failed under fifty blows Barrdrop .. 82°75 90°79 


Another formula compares chilling capacity fairly well. 
Chill was evidently deficient in some of the above wheels. 

Pror. H. M. Howe:t—Steel and cast iron form two contin- 
uous and coterminous divisions of the iron-carbon series, the 
influence of carbon of course being modified by that of other 
variables. Now, I am confident that Mr. Outerbridge will 
see, on reflection, that it is not particularly reasonable to 
assume, as he seems to, that inferences about the constitu- 
tion of one of these two divisions, drawn from our large 
store of knowledge of the constitution of the other, must 
necessarily be fallacious, and, therefore, to brush them aside 
without critical examination. The greater part of our rea- 
soning in this world has to be by analogy, and the proper 
treatment, I had always supposed, of such reasoning was not 
to brush it aside as necessarily leading to false conclusions, 
but to examine its processes and test its products by com- 
parison with known facts. That it needs the check of com. 
parison with facts, as the case of manganese steel shows, by 
no means renders reasoning by analogy useless. It is, in- 
deed, in my opinion, in.large part because those interested 
in cast iron have failed to avail themselves of this mode of 


* Mr. G. W. Beebe, /ron Trade Review, October 25, 1900. 
+ Communicated. 


; 
‘ 
i] 
i 
$$ 3 


472 Goodspeed : (J. F. 


illuminating their subject that their knowledge is in its 
present unsatisfactory state, and he would be a narrow pro- 
fessor of metallurgy who, if an expert in so closely allied a 
subject as steel, should have no mature views on the consti- 
tution of cast iron. It appears to me that Mr. Outerbridge 
has offered neither evidence to rebut my conclusions, nor 
valid objection to my reasoning. 

I have elaborated my views on this subject in a paper 
which will shortly appear in the 7ransactions of the American 
Institute of Mining Engineers. 

In my original remarks I gave a reaction by which I sup- 
pose that sulphur is removed from cast iron in the blast 
furnace, by the reduction of lime, which, until so reduced, 
exists as lime silicate in the slag. For simplicity in stating 
the reaction I wrote to the CaO of the lime asif it were free, 
supposing that every reader would understand that this was 
my reason. To my surprise, a friend asks me if I think that 
the lime is free in the hearth of the blast furnace. Certainly 
not; it is the lime of the lime-silicate in the cinder that has 
to do with desulphurizing. 


ELECTRICAL SECTION. 


Stated Meeting, held February, 1900. 
A FEW REMARKS on X-RAYS anp OTHER RAYS. 


By ARTHUR W. GOODSPEED. 


[ABSTRACT. ] 

I ought to ask your indulgence for the apparent lack of 
relation between the several topics which it seems to me 
not inappropriate to bring to your attention this evening. 
The avowed object of my friends in getting me here was to 
“help out,” but judging from what I have heard and from 
what I see is to follow, you hardly need any assistance, so I 
will be as brief as possible. 

In the first place, I would like to ‘speak of a probable im- 
provement in the inductorium as an X-ray generator, sug- 
gested by my own experience and subsequent measure- 


Dec., 1900 ] X-rays and other Rays. 473 


ments. This matter was referred to more at length in an 
article by myself, “On the Technic of X-Ray Work,” in the 
Philadelphia Medical Journal, January 6, 1900. A quotation 
from the article makes clear my point: 

“ Difficulty is often met in adjusting the interrupter for 
different rates on account of the sparking which results. In 
this case the capacity of the condenser is probably not 
suited to the set of conditions that must be met. In other 
words, the time of a complete cycle of operations, and the 
ratio in which this period is divided between closed and 
opened circuit in the primary, is of considerable importance, 
and is clearly related to the self-induction of the coil and 
the capacity of the condenser intended to take up this extra 
current. If the capacity be too small the condenser will be 
only partially effective, and sparking will result at the 
break. ‘ 

“Adjustments should be made so that the actual interrup- 
tion of the primary current shall be as sudden as possible. 
This results in a rapid variation in the magnetic flux 
through the iron core, which induces in the secondary a 
rapidly increasing electromotive force. This act of break- 
ing the primary, however, produces a self-induction in the 
coil, which in itself tends to retard the suddenness of the 
break by causing an arc across between the points as they 
recede from each other. It seems as if the current possesses 
a sort of momentum, on account of which it becomes most 
difficult to stop the flow instantly. If, however, a condenser 
of large capacity be connected around the break, the extra 
current will flow into that. The condenser evidently must 
be of capacity sufficient effectively to absorb all the charge 
that would otherwise tend to jump between the contact 
points. But a very important part of the phenomenon is 
yet to follow. The best iron core will not alone lose its 
magnetism except after a time which is considerable when 
compared with intervals of the minute order of magnitude 
we are contemplating. To effect this necessary result the 
condenser at once discharges back through the circuit, the 
effect being to demagnetize the core very rapidly, thereby 
inducing an enormous electromotive force in the secondary. 
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“T am told by the makers that on the largest commercial 
X-ray coils the condenser capacities vary from 5 to 15 micro- 
farads. A hasty measurement of the one I am using shows 
its capacity to be about 35 microfarads. To me this com- 
parison suggests that the ordinary commercial coil would 
be much more efficient if its condemser were several times 
larger than usually made. If a coil with an insufficient 
condenser be operated slowly, it sparks badly at the break 
for reasons already given. If the speed be increased until 
the sparking is a minimum, it is so because the time of 
‘make’ has been too short to allow the direct current to at- 
tain a maximum; the extra current due to self-induction is 
therefore less, and the small condenser can take care of it. 
Obviously, though, under these conditions the coil is not 
operating with maximum output. The time of ‘make,’ z. ¢., 
the interval during which the primary is closed, ought to be 
just long enough to enable the current to reach its maxi- 
mum value; this time, of course, depends on the self-induc- 
tion of the coil as well as on its resistance. The time of 
‘break,’ z. ¢., the interval during which the circuit is open, 
must be long enough to enable the condenser to be charged 
and discharged. If the make follow the break too soon, 
clearly the direct current will interfere with the discharge 
of the condenser.” 

I will now pass around a few pictures illustrating some 
of the more recent interesting cases that have come to my 
attention in which X-ray examination has proved of very 
great assistance. (The pictures were passed, one at a time, 
preceded by a few words of explanation in each case.) 

Another matter that it seems appropriate to bring before 
you this evening concerns the claims of priority in making 
the first electrographs by exposing a photographic plate di- 
rectly between the poles of an electric machine and allowing 
the spark to produce its autograph. I noticed recently (see 
the American X-Ray /Journal, December, 1899, p. 675) “ that 
Dr. Wagner was the first person to get the impression by 
placing the sensitized plate between the sliding electrodes 
of a static machine.” The short article from which I quote 
called forth in the next issue of the same journal (January, 
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1900, p. 693) a letter to the editor from Elmer Gates, claim- 
ing to have preceded Dr. Wagner by several weeks or more. 

It really seems hardly worth while for these two gentle- 
men to dispute priority in taking electrographs, since your 
speaker, in connection with W.N. Jennings, of Philadel- 
phia, made electrographs as early as November 20, 1889, in 
precisely the method described by Gates. Experiments 
along this line were conducted at intervals from 1889 till 
1893. Electrographs of coins similar to those described in 
Thompson's book on X-rays, p. 19, were made‘by Jennings 
and myself on February 20, 1890. I am told that Kinraide, 
of Boston, several years ago showed some beautiful electro- 
graphs at the Franklin Institute, and I have not the least 
doubt that a dozen other experimenters performed the same 
experiments anywhere from five to ten years ago. Whether 
this be true or not, of the cases cited I have personal knowl- 
edge. 

Upon one other point will I say a few words—one which 
is exciting considerable interest at this time among both 
chemists and physicists. I refer to the radiation emitted 
by the recently discovered radioactive substances obtained 
from uraninite. Early in 1898 Mme. Curie called attention 
to the fact that certain uranium minerals, as pitchblende, 
emitted Becquerel rays even more actively than uranium 
itself, and suggested the presence of a new substance to 
which this action is due. Later she and her husband 
isolated a new material much resembling bismuth and 400 
times more active than uranium. To this substance they 
gave the name polonium, from Poland, their native country. 
Continued research upon pitchblende brought to light an- 
other substance very like barium, which at last proved to 
be goo times more active than uranium. To this they gave 
the name radium. I have a developed photographic plate 
here which was exposed for several hours to the action of 
six little piles of uraninite, under each of which was a small 
piece of sheet metal about o'005 centimeter thick. The 
metals were aluminum, lead, silver, gold, zinc, copper, and 
the plate shows roughly a difference in translucency—the 
aluminum seeming the least resistive, while perhaps the 
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lead is most so. This suggests a close relation, perhaps 
identity, with the X-rays. Recently the Curies are said to 
have separated still a third radioactive substance from 
pitchblende. 


ERRATA. 


ArT.: “Fire Hazards.” Parsons. 

Page 173, paragraph 3 should read: 

The total amount of risks in force in the United States 
by United States fire insurance companies and by branches 
of.foreign companies transacting business in the State of 
New York, on December 31, 1898, amounted to $19,937,- 
661,137. The average premium was about 90 cents on each 
$100 of risk. The fire losses paid during that year were 


$71,785,247. 


ART.: “ Movements of Ground Water.” Lyman. 

Page 287, line 4; “cut,” should be “cut. A linear mile 
could therefore yield to the cliff or cut.” 

Page 298, line 19 from bottom, “large” should be 
“larger.” 


Franklin Institute. 
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[ Proceedings of the stated meeting held Wednesday, November 21, 1900.) 


HALL OF THE FRANKLIN INSTITOTE, 
PHILADELPHIA, November 21, 1900. 


President JOHN BIRKINBINE in the chair. 


Present, 124 members and visitors. 

Additions to membership since last report, 19. 

The President, in a brief address, called the attention of members to the 
reception to be given by the Board of Managers to the members and friends 
of the Institute on Saturday evening, December Sth. He called attention to 
the fact that a feature of the evening would be an interesting series of novel 
exhibits and lecture-room demonstrations under the direction of the several 
Sections, and that a special effort would be made to arrange a choice photo- 
graphic exhibit. 

Prof. F. Lynwood Garrison gave, by request, an account of a recent pro- 
fessional trip to Northeastern China, with some remarks on the mineral re- 


Dec., 1900.] Science and the Arts. 477 


sources of the Chinese Empire. He dwelt especially on the immense deposits 
of coal of excellent quality occurring in various parts of that country, and 
referred incidentally also to the occurrence, in more or less abundance, of 
salt, petroleum, iron, antimony and quicksilver. None of these mineral 
riches had as yet been worked, except in the crudest and most superficial 
manner, and the speaker predicted that their systematic exploitation, which 
must come in the immediate future, would inaugurate an industrial revolution 
in the far East of vast importance to the whole civilized world. Prof. Garri- 
son’s remarks were freely illustrated with lantern views. 

Mr. A. S. Hamilton, of Rochester, N. Y., exhibited and described the 
“‘ Standard voting machine,’’ which is now in legalized use in a considerable 
number of citiesand towns throughout the country. The speaker showed the 
modus operandi of the machine, and gave a demonstration of its capabilities 
for the service for which it is designed. The subject attracted much inter- 
est, and some discussion followed its presentation. 

The Secretary exhibited and made some running comments on a series of 
lantern views of the buildings and grounds of the Pan-American Exposition 
to be held in Buffalo, N. Y., from May 1 to November I,- Igor. 

The meeting thereupon adjourned. 

Wo. H. WAHL, Secretary. 


COMMITTEE on SCIENCE AnpD THE ARTS. 


[Abstract of proceedings of the stated meeting held Friday, October 12, 
7900. | 
Mr. H. R. Heyt in the chair. 


(Concluded from p. 398.) 


(No. 2090.) Jmprovements in Steam Injectors.—Strickland L. Kneass, 
Philadelphia, Pa. 

ABSTRACT.—The improvements in question are the subject of several 
patents granted to applicant. 

United States patent No. 376,315 (January ro, 1888) describes a form of 
construction of a steam injector which shall be automatic in its action under 
variable conditions of water supply and steam pressure, and which shall be 
capable of restarting itself if, for any cause, the jet should be broken, as soon 
as the disturbing cause is removed. . 

The practical results of this improvement are to make the injector auto- 
matic under widely-varying steam pressures, to enable feed-water of higher 
temperature to be handled, and to vary the range in quantity of water toa 
greater extent than was possible without this improvement. 

The second improvement consists in an adjustable overflow casing large 
enough to permit of automatic restarting, and arranged in such a way that 


# 

j 

j 

{ 

i 

i 


478 Sctence and the Arts. (J. F.1, 


the direction of the overflow discharge may be adjusted to suit the require- 
ments of the position of the instrument. 

The third improvement is for the purpose of increasing the quantity of 
water that can be supplied by an injector of a given size, or to increase the 
limiting pressure at which the maximum quantity of water can be supplied 
to a boiler. In other words, when an injector is taking the maximum 
quantity of water that can be supplied to it by the lifting discharge nozzle, 
the improvement is to open an additional passage through which water is 
supplied to the forcing nozzle. 

A fourth improvement relates to the provision of an automatic valve for 
increasing the limiting pressure. 

For the mechanical details of these several devices, reference is made to 
the. following United States patents, viz.: No. 375,315 (January ro, 1888), No. 
501,464, July 11, 1893; No. 541,620, June 25, 1895; and No. 625,267, May 16, 
1899. 

The committee refers to the results of several independent series of 
experiments made on injectors embodying the first three of these improve- 
ments, together with those made on corresponding injectors of other forms. 
In detail the injectors were self-starting and restarting under all the con- 
ditions of the tests, which was not the case with any others not embodying 
these improvements. 

The range of operation was greater with this injector than with any other 
tested ; that is, for any given pressure a certain maximum quantity of water 
could be delivered. The least quantity which could be delivered for the same 
pressure was less, and the range of operation greater with this than with any 
injector not using the same features. 

The experiments showed also that by the use of the automatic valve for 
increasing the limiting pressure, the quantity of water continuously increased 
up to the highest pressure of these experiments (200 pounds). Certain other 
injectors tested had this same advantage, but none of them was restarting. 

Under practical conditions, when discharging the maximum quantity of 
water this injector required the least quantity of steam per pound of water 
delivered, and it is therefore particularly valuable where the demand for 
steam is unusually heavy, and where it is necessary at the same time to put 
water into the boiler. 

On the contrary, at low rates of delivery this injector requires more 
steam per pound of water delivered than several others, and the discharge 
temperature is therefore higher. 

The report states the conclusion that the improvements here considered 
are of real value, and recommends the grant to applicant of the John Scott 
Legacy Premium and Medal. [.Sud-Committee.—H. W. Spangler, Chairman ; 
Hugo Bilgram, Francis Head. ] 

(No, 2127.) 7ypewriting Machine.—Remington-Sholes Company, Chicago. 

(Referred by the Jury of Awards of the National Export Exposition. ) 

ABSTRACT.—This machine is the subject of eight letters-patent of the 
United States, to which reference is made in the report. 

The machine is described in the report as an improvement in details gen- 
erally, with a few new features, over those previously known and used, (For 
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mechanical details, reference is made to the text of the report and to the 
patents filed in the case.) 

The report concludes substantially as follows: Without making a summary 
of the various kinds of work which a typewriting machine is required to per- 
form, we believe that on general work this machine will work as well, prob- 
ably better, than other machines and that the improvements in details have 
added to its usefulness. It is an advance in the art and worthy of recognition 
because of its merit. The Edward Longstreth Medal of Merit is awarded to 
the inventors. [Sw6b-Committee.—J. Logan Fitts, Chairman; Luther L, 
Cheney, Geo. S. Cullen.] 

Hydraulic Air Compressor.—Continental Compressed Air and Power 
Company, Philadelphia. 

(Referred to the committee by the Bureau of Awards of the National Ex- 
port Exposition. ) 

ABSTRACT.—The Committee reports that in order to determine the com- 
mercial utility of this invention it would be necessary to institute an elaborate 
series of tests for which no facilities are at present available. [Sub-Com- 
mittee.—W. 1. Simpson, Chairman ; Wm. Copeland Futber, Coleman Sellers, 
Howard Rippey, John E. Codman ] 

(No. 2136.) Typewriting Machine.—George C. Blickensderfer, Stamford, 
Conn, 

(Referred by the Bureau of Awards of the National Export Exposition.) 

ABSTRACT.—This machine is the subject of a number of letters-patent of 
the United States to applicant, copies of which are filed with the application, 
and to these reference is made for description of mechanical details. 

The machine under investigation is of the type wheel, direct-inking and 
printing class. 

After detailing seriatim the capacity of the machine for meeting the 
various requirements expected of a machine of its class, the report concludes 
with the statement that the combination of parts in the instrument is novel, 
that it appears to be in a class by itself, and to represent an advance in the 
art of constructing typewriting machines ; for which reasons the award of the 
John Scott Legacy Premium and Medal is recommended. [.Sub-Commitice. 
—J. Logan Fitts, Chairman ; Luther L. Cheney, Geo. S. Cullen. ] 

(No. 2144.) Station Potential Indicator or Compensator.—Ralph D. Mer- 
shon, New York. 

Reserved for publication in full. 

The award of the Scott Legacy Premium and Medal is recommended 
to the inventor. [Sub-Commitiee.—W. M. Stine, Chairman; Charles C. 
Heyl. } 

The meeting adopted a report on the protest of George A. Lowry, ob- 
jecting to the award of the Scott Legacy Premium and Medal to Magnus 
Swenson for his invention of a round-lap cotton baling press. The report 
reaffirmed the committee’s original conclusions, and the protest was accord- 
ingly dismissed. W. H. W. 
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[Abstract of proceedings of the stated meeting held Wednesday, No- 
vember 7, 1900.] 


Mr, H. R. HEvI in the chair. 


The following reports were adopted : 


(No. 2074.) Zlectric Meter.—Wm. D. Marks, Philadelphia. 

ABSTRACT.—An intelligible description of this apparatus is impracticable 
without the use of sectional illustrations. For the detailed mechanical con- 
struction and modus operandi, reference is made to the contents of the file 
wrapper of the case. The report concludes that ‘‘ the apparatus is durable, 
commercially accurate at moderate and high loads. It would probably not 
be quite satisfactory to the consumer and the supply company at very low 


loads.” [Sub-Commitiee.—H. W. Spangler, Chairman ; Carl Hering, A. W. 


Schramm, Arthur J. Rowland, Francis B. Crocker, Wm. A. Anthony. ] 

(No. 2131.) Gasoline Vapor Lamps.—The International Heat and Power 
Company, Philadelphia. 

ABSTRACT.—This subject was referred to the Committee by the Bureau of 
Awards of the National Export Exposition. 

The lamp is of the class which uses gasoline vapor burned with a Bunsen 
flame, under a Welsbach or other mantle of rare earths, which is thereby 
heated to brilliant incandescence. The light is of very high intensity—6s0 
candles—and recent tests show the consumption of gasoline to be *35 quart per 
lamp per hour. Only one mantle is used ina lamp. The lamp is adapted 
for out-of-door service only. 

The lamp is made to be enclosed in an ordinary street lantern, the gaso- 
line tank being placed around the top of same, and when filled is made air- 
tight. The gasoline is fed to the burner by a tube leading from the tank, and 
a second tube leads down to a vessel below the lantern, in which is contained 
air under about 25 pounds pressure. The burner proper and generator have 
much the same relation asin other mantle lamps. Part of the heating flame 
is directed through auxiliary openings (gauze covered) against a double tube 
of copper lined with German silver. This is the generator in which the gaso- 
line is vaporized. This vapor is then carried down to the base of the lamp 
and through a very small opening is forced up by the air pressure into the 
body of the burner, drawing air in with it, thence passing upward past a 
baffie-plate through gauzes and under the mantle, where it burns in a Bunsen 
flame. The lamp burns well at all atmospheric temperatures, in all kinds of 
weather, and is readily lighted. 

This lamp differs from others of its class in that the vaporizer is detached 
from the burner proper and encircles it in a tube; in the absence of a needle 
valve to control the gasoline passing through the lamp ; in the absence of 
packing in the tube delivering the gasoline ; and in the arrangement of the 
baffle-plate below the mantle, to prevent the blast of air and gasoline vapor 
from destroying the mantle. 

In these specifications this lamp is singular, and all are considered to be 
important. The general principles on which the operation of the lamp de- 
pends have long been known and used, and the only claims to originality reside 
in the judicious combination of parts used. 
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In recognition of the improvements embodied in thislamp, the Committee 
awards to the International Heat, Light and Power Company the Edward 
Longstreth Medal of Merit. [Sub-Committee.—Arthur J. Rowland, Chair- 
man; Moses G. Wilder, Frank P. Brown, Wm. McDevitt, Charles A. Hex- 
amer. | 

Passed first reading : 

(No. 2122.) Reconstructed Granite.—The wemidiaibeanie Granite Com- 
pany, Norristown, Pa. (Referred by the Bureau of Awards.) 

(No. 2133.) Canned Ice.—The Misko Canned Ice Company. Dismissed 


for want of needful data. 
W. H. W. 


SECTIONS. 


Abstracts of Proceedings. 


CHEMIcAL Section.—Stated Meeting, held Thursday, October 25, 1900. 
Dr. W. J. Williams in the chair. 

Dr. Joseph W. Richards, of Bethlehem, Pa., read a paper “‘ On the Utiliza- 
tion of Blast-furnace Gases in Gas Engines,.’’ (Published in full in the /our- 
nal for December.) Ww. 


SECTION OF PHOTOGRAPHY AND Microscopy.—Slated Meeting, held 
Thursday, November 1st. Dr. Henry Leffmann in the chair. 

The evening was devoted to the subject of ‘Motion Pictures.” Several 
members contributed illustrations of earlier forms of motion pictures. Among 
others, the early work of Muybridge in this field was specially referred to. 
Some of the modern methods were well illustrated by exhibits made by 
Lubin, of Philadelphia, and Jenkins, of Washington. A general discussion 
followed on the scientific applications of the modern methods. 

F. M. SAWYER, 
Secretary. 


MINING AND METALLURGICAL Saction.— Stated Meeting, held Wednes- 
day, November 14th. Mr, Joseph Richards, President, in the chair. 

The paper of the evening was read by Prof. F. Lynwood Garrison, entitled 
“Notes on the Mineral Resources of China.”’ 


MECHANICAL AND ENGINEERING SECTION AND ELECTRICAL SECTION.— 
Proceedings of the joint meeting held Thursday, November 16th. Mr. Jobn 
F. Rowland, Jr., President of the Mechanical and Engineering Section, in 
the chair. There were present 98 members and visitors. 

The subject for discussion was ‘‘ The Electrical Distribution of Power in 
Workshops.’’ The subject was opened by Prof. F. B. Crocker, of Columbia 
University, New York, who gave a brief sketch of the history of the develop- 
ment of the electric motor and exhibited on the screen a number of typical 
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cases showing the application of electric power for driving machine tools, 
printing presses and miscellaneous machinery. He enumerated the salient 
advantages of electric driving over the use of steam-driven line shafting. 

Mr. Samuel M. Vauclain, superintendent of the Baldwin Locomotive 
Works, Philadelphia, gave an interesting and instructive account of the 
experience with the introduction of electric driving in the Baldwin Works. 
He gave an account of the early difficulties encountered, and of how they were 
at length successfully overcome. He gave a cordial endorsement of the great 
advantages derived from the use of the modern method. 

Mr. W. H. Tapley, of the Government Printing Office in Washington, fol- 
lowed in similar vein, setting forth in some detail the great advantages in con- 
venience, saving of space, and economy derived in that office from the 
adoption of the electric driving of the Government presses. 

Mr. Gano S. Dunn, of the Crocker-Wheeler Company, spoke at some 
length on the limitations of the electric motor, and on the problems for the 
future development of the apparatus. 

Dr. A. E. Kennelly, Messrs. Chas. J. Dougherty, W. C. L. Eglin and Carl 
Hering also contributed interesting remarks and comments, Mr. Hering 
dwelt specially on the relative merits of the direct and alternating current 
motor, claiming that the latter possessed decided advantages over the former 
type. Mr. Dunn took the floor in answer to Mr. Hering, claiming that in 
many important features the direct-current apparatus was superior to the 
other type. 


The meeting was then adjourned. 
RICHARD JL, BINDER, 


Secretary. 


CHEMICAL SECTION.—Proceedings of the S/ated Meeting of Thursday, 
November 22d. Dr. W. J. Williams in‘the chair. Present, twenty-four 
members and visitors. 

Dr. Henry Leffmann read the paper of the evening, on ‘‘ Methods of 
Micro-Chemical Analysis.’’ The subject was freely illustrated. The paper 
was discussed by Dr. Meeker, who also made some interesting remarks on the 
‘*Centrifuge,’’ with especial reference to the use of the instrument in the 
estimation of manganese in iron. The meeting passed a yote of thanks to 
Dr. Leffmann for his instructive communication, and adjourned. 

W. E. RIDENOUR, 
Secretary. 
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BOSTON ATLANTA 


J. E. LONERGAN & CO. 


211 RACE STREET, 
— Manufacturers of —— 


Patent Oilers, Lubricators & Pop Safety Valves 


Railroad, Machinists’, Mill Supplies, 
and Brass Castings. 
Catalogue free on application 
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PHILADELPHIA, 


MANUFACTURERS OF 


Riveters 
Injectors 
Lathes Stokers 
Planers Turn Tables 
Cranes Wheel Presses 
Too ines Pulleys 
Slotters Shafting 
Steam Hammers jim Testing 
Punches Machines 
Shears Gear Cuttors 
Etc.,Ete. Ete., Ete, 


HYDRAULIC RIVETER, 132” GaP 
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“The Fuel Gas System of the 


AMERICAN GAS FURNACE 


INCLUDES 
Automatic Gas Generators 


Gas Blast Furnaces 


Automatic Heating Machines 
Positive Pressure Blowers, Etc., Ete. 
And every requisite for a thoroughly effective, Systematic and Economical Use of Heat in all 


kinds of work. Hundreds of first-class factories have itin use. Catalogues and pamphlets 
on application to AMERICAN GAS FURNACE CO., 23 John Street, New York City. 


EBERHARDT'S PATENT 
EXTENSIon BASE 


(TRADE-MARK.) 


DOUGLE TRIPLE QUICK STROKE 
(TRACE MARK) 


14 SIZES AND STYLES 


Gives 100 per cent. 
MORE STROKES 
PER MINUTE 
than any other 
MACHINE MADE 


Gear Cutters 
Drill Presses 

TOOL AND 
Cutter-Grinders 


HIGH-CLASS 
MachineTools 


GOULD & EBERHARDT, 


MANNING, MAXWELL & MOORE, New York, N. Y. 


AGENTS BAIRD MACAHY. CO., Pittsbu 


» Pa. 
MARSHALL & HUSCHART MACHY. CO., Ch’g’o, Clew’l’'d & Ciu. 


True to Pattern. 


FROM | TO 40,000 POUNDS WEIGHT. 


Of Open Hearth, or McHaffie Steel. 
Sound. Solid. 


Gearing of all Kinds, Crank Shafts, 


Knuckles for Car Couplers. 
Cross-Heads, Rockers, Piston-Heads, etc., for Locomotives. 
A Steel Castings of Every Description. 


CHESTER STEEL CASTINGS CO. 


WORKS. CHESTER. PA. 


OFFICE 407 LIBRARY ST. PHILA. PA. 
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~ 
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For special uses we are prepared to build 


GOMPRESSORS 


to deliver air or gas at any pressure that can be governed or 
utilized after leaving the machine. We have built compressors for 


ILLUMINATING HYDROGEN 
GAS CARBONIC ACID 
NATURAL GAS : SULPHUROUS 
ACETYLENE ACID 
CHYMOGENE NITROUS ACID 
OXYGEN And AIR 


Compression can be carried, if desired, to the point of lique- 
faction when proper cooling is provided. 

Catalogues furnished to business men and engineers upon 
application. 


THE NORWALK IRON WORKS CO. 
SOUTH NORWALK, CONN. 


The Hendey-Norton Lathe is a Modern 
Lathe and has no Equal. 


A LINE OF 
OUR TOOLS 
IS ON EX- 
HIBITION 

AT THE 
PHILADEL- 
PHIA BOURSE. 


SEND FOR 
CATALOGUE. 


Its Special Conveniences have each a particular Value and Merit. It is 
equally valuable in the Laboratory, the Tool Room or General Machine Shop. 

The Automatic Stop, Reverse in Apron, and Device for Feeds and Screw 
Cutting make it the most Complete Lathe in use. 


THE HENDEY MACHINE CO., Torrington, Conn. 
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SPON & CHAMBERLAIN’S 


NEW BOOKS 


THE DESIGN AND CONSTRUCTION OF OLL ENGINES, with full directions for 
erecting, testing, installing, running and repairing. The oil engine direct coupled to 
pumping plants, dynamos, air compressors, ice-making machines, etc. Including de- 
swiptions of American and English kerosene oil engines. By A. H. Goldingham, 
many new and original drawings and illustrations. 200 pages. 12mo. 
Cloth, $2.00. 


SPON’S ENGINEERS’ TABLES. New edition, revised and enlarged. By T. Hurst. 
64mo, roan, round corners, gilt edges. In celluloid case, 50c. 


A TREATISE ON SURVEYING. Compiled and arranged as a text-book for students. 
By R, E. Middleton, M.Inst.C.E., and O. Chadwick, M.Inst.C.E. Part I. 
XIII + 283 pages, 162 illustrations and 10 folding plates. 8vo. Cloth, $4.25. 


THE MINER’S AND PROSPECTOR’S POCKET GUIDE. A useful compendium of 
information relating to mimeral ores and metals, etc. Showing theirsubstance, formation 
and treatment, with an easy method of ascertaining specific gravity. By T. R. Suttie. 
12mo. Cloth, $1.00. 


SUGAR HOUSE NOTES AND TABLES. A reference book for planters, factory 
managers, engineers, chemists and all employed in the manufacture of cane sugar. 
By Noel Deerr. The work contains a great deal of valuable information and 80 
tables, and is intended to fill a want in the literature on cane sugar, etc. VI + 192 
pages. 8vo. Cloth, $4.50. 


A TEXT-BOOK OF PAPER-MAKING. By C. F. Cross and E. J. Bevan. A 

ng ne work of reference for all those interested in paper-making. This new edition 

as been thoroughly revised and some sections, principally those dealing with the 

chemistry of cellulose and the operations of sizing, loading and coloring, have been 
rewritten to date. VI + 828 pages, fully illustrated. Cloth, $5.00. 


MODERN FOUNDRY PRACTICE. Dealing with the green sand, dry sand and loam 
moulding processes ; the materials used ; also detailed descriptions of the machinery and 
other appliances employed. With practical examples and rules, including revised 
subject matter from Spretson’s Casting and eg 3 By John Sharp. VII + 759 
pages, 272 figures and folding plates. 8vo. Cloth, $8.00. 


4 

q 

A HANDBOOK OF ELECTRICAL TESTING. New edition, thoroughly revised and 
enlarged todate. By H. R. Kempe. VIII + 646 pages, 238 illustrations. 8vo. 

Cloth, $6.00. i 
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RECENT BOOKS 


POLYPHASE ELECTRIC CURRENTS AND ALTERNATE CURRENT MOTORS. 
By Prof. Silvanus P. Thompson. Authorized revised and enlarged American 
editions. With 24 colored illustrations and 8 large folding plates, 508 pages, 358 
diagrams, etc. 8vo. Cloth, $5.00. 


ENGINEERING FIELD WORK, notes on instruments best suited for. By W. G. 
Bligh, M.Inst.C.E. A handbook giving much practical information, with numerous 
tables, 218 pages, 65 illustrations. 8vo. Cloth, $3.00. 


CHEMISTRY OF FIRE AND FIRE PREVENTION. A handbook for insurance 
surveyors, works managers, fire chiefs, fire underwriters and all interested in fire risks 
and their diminution. By H. and H. Ingle. 296 pages, 45 illustrations and 1 folding 
plate. 12mo. Cloth, $2.50. 


SCIENCE ABSTRACTS, PHYSICS AND ELECTRICAL ENGINEERING. Pub- 
lished monthly. Annual subscription, including annual index (13 numbers), $6.00 net, 4 
postpaid. q 


THE MODEL ENGINEER is now being published twice a month, and the annual 
subseription is now $1.50, postpaid. 


SPON & CHAMBERLAIN 
PUBLISHERS 
12 Cortlandt Street, - New York, U. S. A. 
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WE GIVE SPECIAL ATTENTION TO THE 


PRINTING 


—— 


CATALOGUES, PRIGE-LISTS AND GIRGULARS 


Our Designs are tasteful. Our prices are moderate. Our facilities 
for promptly filling all orders, whether large or 
small, are unsurpassed. 


Printing also in German, French, Spanish or Italian 


(INCLUDING TRANSLATION.) 


EDWARD STERN CO. 


112 and 114 NORTH TWELFTH STREET, PHILADELPHIA. 


Association of Engineering Societies. 


KANSAS CITY, MONTANA, DENVER, VIRGINIA, 
PACIFIC COAST. 


MONTHLY JOURNAL. 


SUBSCRIPTION, $3.00 PER ANNUM, 30 CENTS PER COPY. 
Joun C. TrRauTWINE, JR., Secretary, 257 S. FOURTH St., PHILADELPHIA. 


BOOK, NEWSPAPER AND JOB PRINTERS, 
KANSAS CITY (se \ gh ag 
MEX, | lind ! \ 
‘ 
1 
BOSTON, CLEVELAND, ST. LOUIS, ST. PAUL, MINNEAPOLIS, 
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The Boyden 


URIAH A. BOYDEN, ESQ., of Boston, Mass., has deposited with the 
FRANKLIN Lystirurs the sum of one thousand dollars, to be awarded as a Pre- 
mium to 


“Any resident of North America who shall determine 
by experiment whether all rays of light, and 
other physical rays, are or are not trans- 

mitted with the same velocity.”* 


The following conditions have been established for the award of this Premium : 


1. Any resident of North America, or of the West India Islands, may be a com- 
petitor for the Premium; the southern boundary of Mexico being red as the 
southern limit of North America. 

2. Each competitor must transmit to the Secretary of the FRANKLIN INSTITUTE a 
memoir, describing in detail the apparatus, the mode of experimenting, and the results: 
and all memoirs received by him before the first day of January, one thousand nine 
hundred and one will, as soon as possible after this date, be transmitted to the 
Committee of Judges. 

3. The Board of Managers of the FRANKLIN INsTITUTE shall, before the first day of 
January, one thousand nine hundred and one, select three citizens of the United States 
of competent scientific ability, to whom the memoir shall be referred; and the 
said Judges shall examine the memoirs and report to the FRANKLIN INSTITUTE whether, 
in their opinion any, and, if so, which of the memoirs is worthy of the Premium. And, 
on their report, the FRANKLIN INsTITUTE shall decide whether the Premium shall be 
awarded as recommended by the Judges. 

4. Every memoir shall be anonymous, but shall contain some motto or 
it can be recognized and designated, and shail be accompanied by a sealed te vane 
endorsed on the outside with some motto or sign, and containing the name and ad- 
dress of the author of the memoir. It shall be the duty of the Secretary of the FRANK- 
LIN INSTITUTE to keep these envelopes securely and unopened until the Judges shall have 
finished their examination; when should the Judges be of opinion that any one of the 
memoirs is worthy of the premium, the corresponding envelope shall be opened, and 
the name of the author communicated to the InstrruTE. The sealed envelopes accom- 
panying unsuccessful memoirs, will be destroyed unopened, in the presence of the 
Board of Managers. 

Should the Judges think proper, they may require the experiments described in 
any of the memoirs to be repeated in their presence. 

6. The memoirs presented for the Premium shall become the property of the 

INnsTITuTE, and shall be published as it may direct. 
a The problem has been more specifically defined by the Board of Managers, as 
lollows 

“ Whether or not all rays in the spectrum known at the time the offer was made, 
namely, March 23, 1859, and comprised between the lowest Sig ay known thermal 
rays in the infra-red, and the highest frequency known rays in the ultra-violet, which 
in the opinion of the Committee lie between the approximate frequencies of 2 x 1014 
double vibrations per second in the infra-red, and 8 x 1')14 in the ultra-violet, travel 
through free space with the same velocity.” 
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THE 
STANDARD 


STEEL WORKS. 


fey Locomotive and Car 
Wheel Tires 


PHILADELPHIA, PA. 
FRANKLIN S. MILES 


MANUFACTURER OF 


Special Bolts and Screws 
in Brass and Iron 


205 Quarry St., Philadelphia 


Machine Screws of every description 
Madge to eo at Short 
otice 


J. G. Brill Company 


PHILADELPHIA, U.S. A. 
17 VICTORIA ST., S. W., LONDON, ENGLAND 
BUILD ELECTRIC CARS AND TRUCKS OF ALL KINDS 


ESTABLISHED 1860 


Trucks for Every Service 
Electric Locomotives, Industrial and High Speed 


WILLIAM CRAMP & SONS’ 


Ship and Engine Building Co. 


PHILADELPHIA. 
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WESTINGHOUSE 
AIR BRAKES 


The Westinghouse Air Brake Co. 
PITTSBURGH, PA. 


51-E 


UNIVERSAL DOUBLE TUBE INJECTOR 


The most Complete and Reliable Boiler-Feeder known. 
No adjustment required for varying steam pressure, 

Operated entirely by one handle. 

vax » Will take hot water 

water up to 150 deg. Fahr, 


Send for Catalogues 
Li” of Blowers and Ven- 
mae tilators and Air Com- 


Send for 78. pressors 
desorip- 4@ and EX= 
tive cata- hausters 

logue ; for all 


Siphon Pumps for 


forci - vy 
Exhaust Steam Induction Condensers 
for all kinds of Steam-Engines. 


L. SCHUTTE & CO. Sole M 
TWELFTH AND THOMPSON STS., 


CYRUS BORGNER, successor to 


D feet. | 
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“" MOORE & WHITE CO. 


PHILADELPHIA, PA., U. S. A. 


BUILDERS OF 
PAPER-MAKING MACHINERY 
FRICTION CLUTCH PULLEYS 
CUT-OFF COUPLINGS, ETC. 


Established 1828. Incorporated 1876. 


I.P. MORRIS CO. 
Port Richmond Works, 


PHILADELPHIA, 


MANUFACTURERS OF 


Machinery, Boilers and Tanks. 
Heavy Machinery a Specialty. 


ESTABLISHED 1840. 


HENRY TROEMNER, 
710 Market Street, - Philadelphia, 


MANUFACTURER OF 

=m Assay Balances, 
§=6Analytical Balances, 
Chemical Balances, Fine Weights, &c., &c. 


List on Application.-“@s 
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NortTICcE! 


The following Reports of the Examiners of the International Electrical Exhibition 
of the FRANKLIN INsTITUTE, held in 1884, have been published in pamphlet form, and 
will be mailed to any address on receipt of the price named. Address orders to 


Actuary of the FRANKLIN InstTITUTE, Philadelphia, Pa. i 

Sect. V, Vis and VIII,—Electric Lamps, Carbons for Arc Lamps,...... . 206. 

“ XXI,—Fire and Burglar Alarms, etc, . .. . . loc, 

«  XXIIL—Electric Railway Signaling Apparatus, ........ « §0c. 

XXIII.—Electro-Medical Apparatus, 2o0c. 

“XX V and XX VI.—Application of Electricity to Art, Artistic Effects and 

XXVII.—Application of Electricity to Warfare... 20¢, 
XXX.—Machinery and Mechanical Appliances,. . . . .. 20¢, 
Special Report.—Efficiency and Duration of Incandescent Lamps, ..... . 


Report of Chairman on Exhibition Committee, 


MACHINES 


HYDRAULIC PRESSES. 1 


We are always prepared to make tests } 
of all kinds. i 


TINIUS OLSEN & CO. i 


500 NORTH TWELFTH STREET, PHILADELPHIA, PA. 


WASHING AND TESTING BOILERS WITH HOT WATER. 
INJECTORS AND JET APPARATUS. 


Rue M’fg Co., Philadelphia, Pa. 
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Incorporated 
1866 


Charter Per- 
petual 


Issues Policies of Insurance after a Careful Inspection of the Boilers 


BOILERS, BUILDINGS AND MACHINERY, 
LOSS OF LIFE AND PERSONAL INJURIES 


AND DAMAGE RESULTING FROM 
CAUSED BY 


Steam Boiler Explosions 


Full information concerning the plan of the Company’s operations can be obtained at the 


COMPANY’S OFFICE, HARTFORD, CONN. 
OR AT ANE AGENCE. 

J. M. ALLEN, President W. B. FRANKLIN, Vice-President 

J, B. PIERCE, Secretary FRANCIS B. ALLEN, 2d Vice-President 

L. F. MIDDLEBROOK, Asst. Secretary L. B. BRAINERD, Treasurer 


BOARD OF DIRECTORS. 


J. M. ALLEN, President. 


FRANK W. CHE NEY, Treas. Cheney Brothers 


Silk Manufac turing Co. 


CHARLES M. BEACH, of Beach & Co. 


RICHARD W. H., JARVIS, 
Arms Manufacturing Co. 


Cireuit Court 
C. BIMBALL, Pres. Smyth Mfg. Co., Hart- 
DANIEL PHILLIPS, of Adams Express Co. | 


ford, C 
‘olt's Fire | PHILIP’ ‘CORBIN, 


Britain, © 


| Hon. NATHANIEL SHIPMAN, Judge, U. 8. 


of P, & F. Corbin, New 


LEVERETT BRAINARD, of the Case, Lock-| GEORGE A. FA IRFIELD, President Hartford 


wood & Brainard Co. 


GEN. WM. B. FRANKLIN, late U. 
missioner to the Paris E xposition. 


Exchange Bank, Hartto 


GEORGE BURNHAM, Baldwin Locomotive | LUCIUS F. ROBINSON, 


Works, Philadelphia. 
GENERAL AGENTS. 


Machine Screw Co. 
8. Com- J. B. PIERCE, Secretary Hartford Steam Boiler 


Inspection and Insurance Co. 
Hon. FRANCIS B. COOLEY, of the National | fee COLLINS, Pres. Security Company, 
‘ord, Conn. 


Hartford, Conn. 
OFFICES, 


CHEO. H. BABCOCK, New York City, Office, 160 Broadway. 
CORBIN & GOODRICH, Philadelphia, vy 482 Walnut 
Baltimore, Md., Chamber Commerce. 


LAWFORD & McKIM, 


Washington, D. C 


511 Eleventh 8t., N. W. 


ton, Milk St. 
C. E. ROBERTS, { it. 2, “ 99 Weybosset St. 
H. M. LEMON, Chicago, I1l., a 169 Jackson Street. 
C.'C. GARDINER, St. Louis, Mo., “ 319 'N. Fourth Street. 


8. R. BENJAMIN, 
W. G. LINEBURGH & SON 
BURWELL & BRIGGS, . 


Hartford, Conn., 
Bridge geport, Conn., 
Cleveland, Ohio, 


650 Main Street, 
1 Sanford Big 
208 Superior Street. 


JAMES W. ARROTT, Lrp Pittsburgh, Pa., * 401 Wood B8treet. 
MANN & WILSON, San Francisco, ‘Cal., r 806 Sansome Street. 
THOS. F. DALY Denver, Col.. “ Ernest-Cranmer Bldg 


LOUIS V. CLARK & co, 
PETER F. PESCUD 


Charleston, 8, C. 
Birmingham. Ala. 
New Orleans La. 


44 Broad Street 
2021 First Ave. 
818 Gravier Street 
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United Gas Improvement 


Broad and Arch Streets 


PHILADELPHIA. 


OFFICERS ; 


THOMAS DOLAN, President. 
GEORGE PHILLER, Ist Vice-President, 
SAM’L T. BODINE, 2d Vice-President and Gen’! Manager. 
RANDAL MORGAN, 3d Vice-President. 


EDWARD C. LEE, Sec’y and Treasurer. 
WALTON CLARK, Gen’! Sup’t. 
LEWIS LILLIE, Comptroller. 


DIRECTORS: 


GEORGE PHILLER, P. A. B. WIDENER, 
W. W. GIBBS, C, A. GRISCOM, 
W. L. ELKINS, 8. T. BODINE. 


BUILDERS, LESSEES AND PURCHASERS OF 
GAS WORKS 
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FRED'K A. GENTH, JR., 


CONSULTING AND ANALYTICAL CHEMIST, 
103 N. FRONT ST., PHILA,, PA. 


H. G. SCHRAMM, M.E., 
Designing of Special Machinery, 
602 N. 2d Street, CAMDEN, N. J. 


ARTHUR BEARDSLEY, 
M. Am. Soc. C. M.A.8. M. E. 


Consulting Engineer, 
SWARTHMORE, PA. 


COLEMAN SELLERS, E.D., 


M. Inst. ©. E., M. Inst. M. E., M, Am. Soe. B., &o, 


CONSULTING ENGINEER, 


OFFICE 
Stephen Girard Building, Philadelphia 


SAMUEL P, SADTLER, Ph.D. 


(Late Professor of Organic and Industrial Chemistry in the 
University of Pennsylvania) 


Consulting Chemical Expert 
Iw ALL BRANCHES OF CHEMISTRY AS APPLIED 
TO THE ARTS AND MANUFACTURES 
Chemical Studies of New Frocesses end Technical 


Products; Reports made in connection with Patent Appli- 
b= and Testimony Prepared in Chemical Patent 


ts. 
1042 Drexel Building, Philadelphia 


R. H. THURSTON, 


CONSULTING MECHANICAL ENGINEER 
AND EXPERT, 
ITHACA, N. Y. 


L. F. RONDINELLA, M. E. 
CONSULTING ENGINEER, 


728 STEPHEN GIRARD BUILDING, 
Twelfth Street, above Chestnut, PHILA. 


Procured for In- 
ventions and De- 


OFFICE PRACTICE ONLY. 
signs. Trade- 
Marks Registered, 


PATENTS 


ed, Patent Causes, Examinations, Searches, 
ete. Call or send for Book of Instructions. 


WIEDERSHEIM & FAIRBANKS 
ohn A. Wiedersheim No. 919 Chestnut St. 


fm. Caner Wiedersheim 
E. Hayward Fairbanks PHILADELPHIA 


SAMUEL SARTAIN 


Engraver on Steel; Portraits, Etc. 
212 N. 19th St., Philadelphia 


J. WILLARD GAMBLE, Mechanicai Draftsman. 
Complete and accurate working drawings made 
of Steam and Hydraulic Appliances, Ete. 
328 BOURSE BUILDING, PHILADA. 


MILLIAM GATZMBER, 


Civil and Mechanical Engineering, 
Marine Architecture, 


182 $. Delaware Ave., and Tacony, Philadelphia. 


Space like this on this page, $6.00 
per year, payable on receipt of copy 
of Journal containing first insertion 
of adver. 


CHAS. F. SCHAEFFER 


Draughtsman and Machine Designer 
811 Drexel Building, Phila. 


Special Machinery Designed for Manu- 
facturing Purposes 


Space like this on this page, $12 
per year, payable on receipt of copy 
of Journal containing first insertion 
of adver. 
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The Franklin Institute 


15 SouTH SEVENTH STREET 


OFFICERS FOR 1900 


PRESIDENT, JOHN BIRKINBINE 
VICE-PRESIDENTS, GEO. V. CRESSON, WASHINGTON JONES, 
THEO. D. RAND 


SECRETARY, WILLIAM H. WAHL TREASURER, SAMUEL SARTAIN 
Actuary, H. L. HEYL LIBRARIAN, ALFRED RIGLING 


Curators, WASHINGTON JONES, THOS. P. CONARD 


STANDING COMMITTEES OF THE 
INSTITUTE 


LIBRARY, BENJ. SMITH LYMAN, Chairman 
SCIENCE AND THE ARTS, HENRY R. HEYL, Chairman 
MEETINGS, WASHINGTON JONES, Chairman 


STANDING COMMITTEES OF THE BOARD 


INSTRUCTION, WILLIAM H. WAHL, Chairman 
MEMBERSHIP, ALEX. KRUMBHAAR, Chairman 
STOCKS AND FINANCES, HORACE PETTIT, Chairman 
PuBLICATIONS, THEO. D. RAND, Chairman 
EXHIBITIONS, HENRY HOWSON, Chairman 

Sections, JAMES CHRISTIE, Chairman | 


ENDOWMENT, C. HARTMAN KUHN, Chairman 


MEETINGS 


COMMITTEE ON SCIENCE AND THE ARTS, First Wednesday of each 
month, 8 P.M. (except July and August). 
SECTION OF PHOTOGRAPHY AND Microscopy, First Thursday of each 
month, 8 P.M. (except July to September), | 


BOARD OF MANAGERS, Second Wednesday of each month, 1 P.M. 

MINING AND METALLURGICAL SECTION, Second Wednesday of each 
month (except July to September), at 8 P.M. 

MECHANICAL AND ENGINEERING SECTION, Second Thursday of each 
month (except July to September), at 8 P.M. ' 

INSTITUTE, Third Wednesday of each month (except July and August), 
at 8 P.M. 

ELECTRICAL SECTION, Third Thursday of each month (except July 
to September), at 8 P.M. 

PHYSICAL SECTION, Fourth Wednesday of each month (except July tc 
September), at 8 P.M. 

CHEMICAL SECTION, Fourth Thursday of each month (except July tc 
September), at 8 P.M. 
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THE JOHN SCOTT 
Legacy Medal Hrenpinmy, 


The City of Philadelphia holds in trust under the legacy of 


John Scott, of Edinburgh, 


a sum of money, the interest of which is to be used for the encouragement of “ in- 
genious men and women who make useful inventions.” The legacy provides for 
the distribution of a Medal, inscribed 


“TO THE MOST DESERVING,” 


and Money Premium in the sum of $20 to such persons whose in- 
ventions shall merit the same. The examination of the inventions submitted for 
the Medal and Premium has been delegated by the Board of City Trusts, of 
the City of Philadelphia, to the Franxuim Iyetrrore, and the Institute, under 
the competent assistance of its 


Committee on Science and the Arts, 


undertakes to make the investigations free of charge and to recommend for the 
award all meritorious inventions. 


Applications should be addressed to the 


SECRETARY OF THE FRANKLIN INSTITUTE, 


from whom all information relative thereto may be obtained. 
Purs:1ant to the regulations for the award of the 


JOHN SCOTT LEGACY MEDAL AND PREMIUM, 
The FRANKLIN INSTITUTE, of the STATE of PENNSYLVANIA 


has under consideration favorable reports upon accompanying applications. Any 
objection to the proposed awards, cr evidence of want of originality of the inven- 
tion, may be communicated to the Secretary of the Institute within three 
months of the date of notice. 
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Hall of the Institute. 


NOVEMBER, 1900. 


Notice is hereby given that the FRaAnkuin INSTITUTE, 
through its Committee on Science and the Arts, has recom- 
mended, subject to proper objection as hereinafter stated, the 
award of 


The 
John Scott Legacy Medal and Premium 


TO 


EDWARD G. ACHESON 


of Niagara Falls, N. Y., for his 


«PROCESS FOR THE ARTIFICIAL PRODUCTION 
OF GRAPHITE.” 


Any objection to the above award should be commu-- 
nicated within three months of the date of this notice to the 
Secretary of the Franxuin InstitTuTE, Philadelphia. 


WILLIAM H. WAHL, Secretary. 
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Hall of the Institute. 


NOVEMBER, 1900. 


Notice is hereby given that the FRANKLIN INSTITUTE, 
through its Committee on Science and the Arts, has recom- 
mended, subject to proper objection as hereinafter stated, the 


award of 


The 
John Scott Legacy Medal and Premium 


TO 


RALPH D. MERSHON 


of New York, N. Y., for his 


_ “POTENTIAL INDICATOR OR COMPENSATOR.” 


Any objection to the above award should be commu- 
nicated within three months of the date of this notice to the 


Secretary of the InstrTuTE, Philadelphia. 


WILLIAM H. WAHL, Secretary. 
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Hall of the Institute. 


NOVEMBER, ICOO. 


Notice is hereby given that the FRANKLIN INSTITUTE, 
through its Committee on Science and the Arts, has recom- 
mended, subject to proper objection as hereinafter stated, the 


award of 


The | 
John Scott Legacy Medal and Premium 


TO 


GEORGE C, BLICKENSDERFER, 


of Stamford, Conn., for his 


«“ TYPEWRITING MACHINE.” 


Any objection to the above award should be commn- 
nicated within three months of the date of this notice to the 
Secretary of the FRANKLIN INstITUTE, Philadelphia. 


WILLIAM H. WAHL, Secretary. 
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Hall of the Institute. 


NOvEMBER, 1900. 


Notice is hereby given that the FRANKLIN INSTITUTE, 
through its Committee on Science and the Arts, has recom- 
mended, subject to proper objection as hereinafter stated, the 
award of 


The 
Tohn Scott Legacy Medal and Premium 


TO 


REINHOLD HAKEWESSELL 


EDWIN C. HENN, 
of Hartford, Conn., for their 


« AUTOMATIC SCREW AND METAL WORKING 
MACHINES.” 


Any objection to the above award should be commu- 
nicated within three months of the date of this notice to the 
Secretary of the InstiTUTE, Philadelphia. 


WILLIAM H. WAHL, Secretary. 
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Gall of the Institute. 


NOvEMBER, 1900. 


Notice is hereby given that the FRANKLIN INSTITUTE, 
through its Committee on Science and the Arts, has recom- 
mended, subject to proper objection as hereinafter stated, the 
award of 


The 
Scott Legacy Medal and Premium 


TO 


STRICKLAND L. KNEASS, 


of Philadelphia, Pa., for his 


“IMPROVEMENTS IN INJECTORS.” 


Any objection to the above award should be commu- 
nicated within three months of the date of this notice to the 
Secretary of the FRanKuin_ Institute, Philadelphia. 


WILLIAM H. WAHL, Secretary. 
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An Illustrated International Monthly Magazine of Photography 
PUBLISHED IN FOUR LANGUAGES 


CAMERA OBSCURA 


Under the Chief Editorship of J. R. A. SCHOUTEN 


EDITORS 


French Section : German Section: English Section : 
MAURICE BUCQUET ED. LIESEGANG CHAPMAN JONES, F.1.C.,F.C.S.,F.R.P.$.,ETC. 


Dutch Section: CHR. J. SCHUVER 


Editorial Offices, 317 Nassaukade, Amsterdam 


DO YOU TAKE 


If not, please send your subscriptions to 


CAMERA OBSCURA 


Revue Internationale pour la Photographie, paraissant tous 
les mois en 4 langues 


ONLY 15S. ($3.60) PER YEAR 


The Most Instructive 
The Best Illustrated 


Largest Circulation 


| KEEP UP TO DATE 
CAMERA OBSCURA will help you to do so 


Publishers 


WILLIAMS & NORGATE 


14 HENRIETTA ST., LONDON, W. C. 
OXFORD AND EDINBURGH 
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GLASGOW IRON COMPANY 


603-607 HARRISON BUILDING 
PHILADELPHIA 


WORKS AT POTTSTOWN, PA. 


Manufacturers of Iron and Steel Boiler Plate for Marine 
Work, Locomotives, Steam Boilers of all kinds; Tank, Ship and 
Bridge Plates, both Sheared and Universal. 

Flanged and Dished Steel Heads for Boilers, Tanks, etc. 

The Roe Pressed Steel Manhead, the best in existence. 
No hole in this head. Be sure to specify it in ordering your 
Boilers. 

The Roe Pressed Steel Boiler Lug. The strongest and by 
all odds the best made. 

Pressed Steel Pipe Flanges, Flue Holes and Hand Holes. 
Saddles to fit all diameters of Boilers. 

Pressed Steel Buckled Plates for Bridges, Floors, etc. 

Skelp Iron. Steel Skelp, Sheared and Universal. 

Muck Bars of various widths, made only from standard 
grades of Pig Iron. , 


The Jury of Award of the late National Export aay apn 
awarded us the Silver Medal and Diploma. "Ah A 


ADDRESS 
GLASGOW IRON CO. ' 


POTTSTOWN, PA. 


< pa! é 
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‘‘A Weekly Feast to Nourish Hungry Minds.”—WJ. Y. Evangelist. 


FOUNDED BY E. LITTELL IN 1844. 


A WEEKLY MAGAZINE OF 


FOREIGN PERIODICAL LITERATURE 
A NECESSITY __ 7 EVERY READER of 


Intelligence and Literary Taste. 


The publishers of THe Livinc Ace take special pleasure in 
announcing THREE ATTRACTIVE SERIALS. Heinrich Seid- 
el’s story, The Treasure, translated for Tue Livinc Ace by Dr. 
Hasket Derby, was begun in the number for October 6. It will be 
followed by A Parisian Household, a clever story of Parisian high 
life by Paul Bourget, translated for THE Livinc AGE by Mary D. 
Frost; and by Edmondo de Amicis’ striking autobiographical 
sketches, Memories of My Childhood and School-Days, trans- 
lated for THe Livinc Ace from the Nuova Antologia. These 
serials are copyrighted by THe Livine AGE and will appear only 
in this magazine. 


Each Weekly Number Contains Sixty-Four Pages 

In which are given, without abridgment, the most interesting and important contri- 
butions to the periodicals of Great Britain and the Continent, from the weighty articles 
in the quarterlies to the light literary and social essays of the weekly literary and polit- 
ical journals. Science, politics, biography, art, travel, public affairs, literary criticism, and 
all other departments of knowledge and discussion which interest intelligent readers are 
represented in its pages. 
Each Number Contains 

A short story and an instalment of a serial story; and translations of striking articles 


from Freach, German, Italian and Spanish periodicals are made expressly for the maga- 
zine by its own staff of translators. 


Once a Month a Special Supplement Number 
Presents reading from the most important new books, editorial notes on books and 
authors, and a list of books of the month. 


In Quantity as well as Quality, 

THE LIVING AGE invites comparison with other magazines, being in this regard 
the equal of any two literary monthly publications in the country It gives its readers 
annually about 3,500 paces. 


UntTiL THE Epition 1s ExHAusTED, there will 
be sent, on request, the numbers of THE LivinG 
AGE containing Heinrich Seidel’s story, THE 
TREASURE, as above, to each NEW SUB- 


SCRIBER FOR 1901. 


Address THE LIVING AGE COMPANY, 
Box 5206. Boston. 
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LINK-BELT 


Elevators Conveyors 


POWER TRANSMISSIONS 


Modern Methods ” catalogue illustrates and describes machinery 
for handling 


Coal, Ashes, Stone, Fertilizers, 

Cement, Grains, Barrels, Boxes 
ANY MATERIAL IN BULK OR PACKAGE 
Copy mailed on request 


LINK-BELT ENGINEERING CO. 


NICETOWN, PHILA. 49 DEY ST., N.Y. CITY 
PARK BUILDING, PITTSBURGH, PA 


HOLOPHANE GLASS CO. 


MANUFACTURERS OF 


Prism Glass 


For diffusing and directing all kinds of 
artificial light. Awarded the John Scott 
Legacy Medal by the Franklin Institute. 


Send for “LIGHT vs. ILLUMINATION” and Catalogues 


No. 1 BROADWAY, NEW YORK, N.Y. 
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AMERICAN ROLLER BEARING 
COMPANY 


FOR ALL KINDS OF VEHICLES 
BOTH HEAVY AND LIGHT 


NO BALLS TO CRUSH »# NO CAGES TO 
WEAR OUT # NEEDS NO ATTENTION 


it combines an AMPLE ROLLING SURFACE 
WITH A PURELY ROLLING ACTION 
For DURABILITY, ECONOMY OF POWER 
AND SIMPLICITY OF MECHANISM 


IT IS UNEQUALLED 


STANDARD SIZES are MANUFACTURED 
for BICYCLES, RUNABOUTS, CARRIAGES, 
WAGONS, TRUCKS & MOTOR VEHICLES 


The FOREIGN PATENTS ARE FOR SALE 
For FURTHER INFORMA TION SEND TO 


OFFICE: 27 STATE STREET, 
LONG DISTANCE TELEPHONE, 2363-4 BOSTON, MASS. 
~ Factory: 32 to 40 Binford Street, TELEPHONE, 3648-3 


DRAFTING ROOM FURNITURE 


We make everything in the way of blue-printing apparatus. Printing Frames, Bath 
Trays, Drafting Tables, Filing Cabinets, etc. We are drafting-office specialists ; we make 
nothing else. Our time is devoted to the making of these goods just right, better than is 
usually done, and our prices will be found very reasonable, all things considered. ‘ 

We've quite a little catalogue which we wish to put into the hands of every architect 
and draftsman. We shall be pleased to send this catalogue on request. 


F. W. EMERSON MANUFACTURING CO. 
106 Cox Bidg., Rochester, N. Y. 


Isthk BEST AXLE BEARING 
ow 
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LATINUM WARE 


Platinum Still (faure-Kessler type) for Concentrating Sulphuric Heid. 


We manufacture all forms and sizes of platinum ware for chemical and laboratory purposes, 
and are equipped to repair platinum apparatus, crucibles, dishes, etc., at shortest notice, 


AKER & COMPANY, 


NEWARK, N. J. N. Y. OFFICE, 120 LIBERTY ST. 


SEND FOR SEVENTH EDITION OF PHAMPHLET, “DATA CONCERNING PLATINUM, ETC.** 


S.REEVES &SON, 


4 PHILADELPH lA. 
ANGANESE BR ON ze, 
“PHOSPHOR BRONZE, 
ND BABBITT M ETALS. 
id Phosphor Bronze Castings 
Yalb. to 10000 Ibs. in weight. 
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Engraving Machines 


AT THE 


National Export Exposition, Philadelphia 


THE 


EATON-ENGLE ENGRAVING MACHINES 


received the highest award, viz., Silver Medal and Diploma of the Franklin 
Institute. At the Greater America Exposition, Omaha, Neb., our machine 
carried off all the honors, namely a Gold Medal and Diploma. 

WE MAKE MACHINES FOR ALL KINDS OF ENGRAV- 
ING. If you are now doing some kind of work by the slow and expensive 
methods of hand labor, let us figure on building a machine for you which 
will do the work more accurately and at a fraction of the cost. If you send 
us a sample of the work you wish to do, we will be able to figure more intel- 
ligently and promptly. 

We make it a point to give all correspondence our careful attention. 


The Eaton-Glover Company 
87 NASSAU STREET, NEW YORK 


THIS SPACE RESERVED 
FOR 


COMMERGIAL PRINTING 
HOWARD AND BALTIMORE STS. 
BALTIMORE, MD. 


NORRISTOWN TIN PLATE CO. 
THE BEST TERNES MADE 


Awarded Silver Medal and Diploma at the National Export Exposition 


Coating absolutely evenly distributed 


SHEETS UNIFORM IN THICKNESS AT ALL POINTS 
Perfectly Dead-Flat Smooth Surface 


NORRISTOWN, PA. 
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